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The paper discusses the aims of its planning 
and conducting research. The various organizations and universities sponsor- 
ing the Council are listed. The investigations that have recently been com-— 
_ pleted or those nearing completion are summarized and a complete bibli- ; 
ography of all published — the Council is 


The on and Bolted Structural Joints was 


e 1947 by representatives of interested groups to plan and conduct extensive _ 


research leading to safer and more economical design and construction of — 
metal structures. The principal advantage of such a council is that it a 
| together for discussion and planning a diversified group of design engineers, — 


i steel fabricators, rivet and bolt manufacturers, erection engineers, college ~ 
_ professors, metallurgists, research engineers ‘and many other scientists. 
_ The Council depends entirely for membership upon organizations 
* the behavior of riveted and bolted structural joints. The Council conducts 
its research on a budget of about $60, 000.00 per year and the following — 


are its rinci al fina cial sors: 


id 
Iron and Steel Institute 
Association of American Railroads 


Bureau of Public Roads inn Yo 
Canadian Institute of Steel Co 


Note: Discussion open until: August 4, 1959. discussions should be submitted 
_ for the individual papers in this symposium. To extend the closing date one — 
ni a written request must be filed with the Executive Secretary, ASCE. Paper 1969 p 
: _ is part of the copyrighted Journal of the Structural Division, Proceedings of the | a 
American of Civil Engineers, Vol. 85, No. ST 3, March, "Am. 
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The Engineering Foundation 
8 . Illinois Division of Highways 
ou 9. Washington State Council for Highway Research 


10. Pennsylvania Department of i 


Northwestern Washington and Lehigh University, 
contribute the time of the professors, testing equipment and other ee 
which | are considered very valuable and sizeable contributions. 
— _ The Council meets once a year, usually for three interesting and informa- - 
a tive days in February, and is usually attended by about fifty members and | 
visitors. The Council meetings are interesting as all goes enter into an 
open and discussion of the results of the research. 


‘Research Projects 
The Council has several ‘investigations underway at the me and 
the papers contained herein by Professor Munse and Messrs. Petersen, 
_ Chesson and Bell of the University of linois, Professor Vasarhelyi of the 
University of Washington and Mr. Hansen from the Engineer Research and 


Development Laboratory at Fort Belvoir, cover pa part of its work on the study 
_ of bolted joints and high strength steels. The other two papers by Messrs. . 3 
$s Higgins and Kinney result indirectly from Council work. In addition _ 
these — the Council has completed the following investigations: ee 


1, ‘The Effect of Bearing Pressure on the Static Strength of Riveted penn 


; ‘This research was conducted at the University of Mlinois and it was de 

termined that the ratio of allowable unit tension stress to unit bearing P 

> _ te stress of 1 to 1.50 could be increased to 1 to 2.25 without any decrease 


Effect of Rivet Pattern on the Static Strength of Structural Joints. 


ba, This investigation on structural plate joints was conducted at the Uni- 
_ versity of Dlinois with an aim of developing a rivet pattern which would 
result in the greatest strength or « efficiency of the riveted joint. - No 
ver definite conclusion regarding the superiority of one particular rivet ay 
aq pattern was reached. However, it was concluded that no rivet pill 
iia can be expected to develop a greater efficiency than 75 to 85 percent a 
and that the well- known of s2/4g is a accurate for all 
3. The Strength of Rivets in Combined Shear and Tension. “This research 
was conducted at the University of Dlinois and resulted in definite data 
on the strength of single rivets when subjected to various combinations | 
of concurrent tension and shear loading. > 
4, . The Effect of Grip on the Fatigue Strength of Riveted and Bolted Joints. _ 
This research was conducted at Northwestern Technological Institute 
_ and clearly indicated that the increased clamping action resulting from _ 
ud the cooling of the longer rivets increased the fatigue strength, = a 
- The Effect of Rivet Pattern on the Fatigue Strength of Riveted Joints. > %, 


n was conducted at Northwestern Institute 
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to determine if the » fatigue of a riveted joint | could be 
a by a a change in the rivet pattern. 


1 
_ At the present time the Council has several other aw ee in addition 


to those being presented, which are either nearing completion or sien 
Fatigue Tests on Cumulative Damage in Structural Joints. The Council 
has often questioned whether the data obtained from laboratory fatigue — - 

tests of structural joints are indicative of what may be expected in an a 
actual ‘structure. . In the laboratory the maximum and minimum stres-_ 

+ -. are usually - maintained constant during an entire test, , while in an 
actual structure, the maximum stresses may vary considerably from 
cycle to cycle. For this reason, wee Council authorized an investigation 

as a sinusoidal variation of n maximum n cyclic stress with a constant — uaa 
- / minimum cyclic stress, this stress pattern being based on actual sre 
ses in railroad bridges as determined by the research staff of the 
2 Effect of Bearing Pressure on the Fatigue Strength of Riveted Joints. = 
The Council realized that while the ratio of allowable unit tension stress” 
to unit bearing stress of 1 to 1.50 could be increased for static loading 
= conditions, it should not be increased for joints subjected to repeated > 
tie Cue until more data were available on the subject. ss For this r reason, 
the Council has authorized an extensive investigation at the ay 5 
offllinoisonthis subject. 
3. The Effect of Pattern on the Static tic Strength of Truss-Type en : 
Joints. ‘This investigation, which is being conducted at the University — 
of llinois, is a continuation of the work done on structural plate joints. ue 
‘However, the joints now being studied are fabricated from plates and = 
angles and a are similar to those found in actual trusses. The load is  ap- 
plied to the members through gusset plates _ ouher rivets or bolts 
4. Static and Fatigue Strength of Bolted The 
of structural joints using high-strength bolts is a fairly new method to | 
‘es the structural | engineering profession, and results directly from the 2 
: large < amount of research on fabricated joints which has been conducted 

by the Council within recent years. The Council has realized the im- 

of this su subject and has sponsored a large number of investi-_ 


— 


gations at various universities and while the investigations on 


subject have not been completed, the Council has released — 
a reports on the subject in addition to the published | reports 


_— shown in the bibliography. _A few of the e interesting p mee now | 


The Study of Nuts. Some trouble has been with the 
tripping of nuts, especially where the strength of the bolt is con- 
siderably higher than the minimum requirement and the strengthof 


a4 the nut is close to the minimum requirement. oA project has been — 
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The ‘Study of Washers. Northwestern Technological Institute is — 
"studying the basic principles of washer design to determine if the | 
_ strength of bolted joints can be increased by a change in the shape _ 
- The Study of Large Bolted Splices. The availability of the 5,000, 000 , 2 
~~ pound testing machine at Lehigh University has made it possible to 

on study large joints, typical o of those that might be used in extremely — ; 
large bridge chord splices. ‘This investigation | also includes a study — 

m to determine if the unit shear values can be increased for bolted © 


E ‘In conclusion I wish to state that the work of the Council is s continuing ng and : 
this work will undoubtedly lead to further new concepts resulting in safer and — 


of Council | Reports 

a 2 _ Progress Report of Research Council on Riveted and Bolted Structural — 


AREA Proceedings, Vol. 51, 1950. 
2. New Concepts in Structural Joint Design, published by the Council and— mo | 


_ distributed by the Engineering Foundation, December 1953. dees iy 

AL Effect of Bearing Ratio a on n Static ‘Strength of Riveted Joints by Jonathan: eh 
Jones. ASCE Structural Division Journal, Vol. 8: 82, No. ST6, Paper 


_ The Effect of Bearing Pressure on the Static Strength of Riveted ail : 


by W. H. Munse, of Tino: Illinois Station 


roject LL ‘Effect of Rivet Pattern on the Static Strength ott alias Joints 


— Study of the Practical Efficiency under Static Loading of Riveted | as 
- ‘Joints Connecting Plates by W. M. Wilson, W. H. Munse and M. A. 7 “4 


| 
. W. Schutz, Proceedings of 
Second Structural al Engineering C Conference, ‘November 1952. 


a. . Here’s a Better Way to Design Splices, Engineering News Record, 7 


150, Part I, January 8, 1953, pages 41- = 


"Behavior of Riveted in Truss- -Type Mentors E. 
7  Ceneten and W. H. Munse, ASCE Structural Division Journal, Vol. 83, 
No. ST1, 1150 , January 1957 


Project Il of Rivets in Combined Shear and Tension = 


. How Much Combined Stress 5 Can a Rivet Take? by T. R. — and 


— 
— 
— 
=| 
Al 
— 

ai 

ag 


‘ST3 RIVETS AND (BOLTS 
The ‘Static | Strength of Subjected to Combined Tension Shea 
“ss by W. H. Munse and H. L. Cox, University of Ilinois Engineering Ex- 
periment Station Bulletin 437, December 


Project IV. Static and Fatigue Strength of Bolted Structural Joints 


Specifications for of Joints Using High | igh Tensile 
Steel Bolts, January 1951. 


. Specifications for Assembly of Structural Joints Using ng High Strength 


Steel Bolts, February 1954, 
_ 3. Conditions Affecting the Slip of Structural Steel Bolted Joints 


4. Bolts as a Means of Fabricating Steel ‘Structures by 


Part I, by D. R. Young in 


Slip of Structural Steel Double-Lap Joints Assembled ale High- ‘Strength | : 
Bolts, Part II, by D.F D. R. Young and R. A. Hechtman, ‘Trend in Engineer- 


1. Laboratory Tests—High Tensile Bolted Structural Joints t by W. HL 
Munse, D. T. Wright and N. M. N Newmark, ASCE Proceedings, 80, 


Separate No. 441, May 1954. 


= 8. _ Discussion of ASCE Separate 441, by A. a Francis, ASCE "Proceedings, 


. 80, Separate 563, December ‘1954. 


9. "Slip p of Joints under Static Loads by R. A. Hechtman, D. R. Young, A \. 


and E. R. Savikko, ASCE Separate 1954. 
10. Closing of ASCE Separate 441, by W. H. Munse, D. 
Wright, and N. M. Newmark, ASCE Proceedings, Vol. 81, ‘Separate 664, ti * 


‘* 1. Laboratory T Tests of Bolted Joints by W. H. Munse, D D. T. Wright and — 
_N. M. Newmark, , ASCE Transactions, Vol. 120, Paper 2778, 1955. 


Bolted by W. i. Munse, ASCE Proceedings, 


_ 14, Research on Bolted Connections by W. H. Munse, ans ‘Transactions, 


a Effect of Grip c on the Fatigue Strength of one 


oh ‘Effect of Grip on the Fatigue Strength of Riveted and Bolted Joints a 
Baron and E. W. » AREA "A Proceedings, Vol. 54, 1953. 


<< ‘Comparative Behavior of Bolted an and ‘Riveted Joints by F. Baron and 


E. W. Larson, Jr. ASCE 80, Separate 470, 
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oject VI. hee Strength ¢ of High- Strength Steel Riveted ner 
1. and Fatigue Properties of of Carbon, Strength 


“a ., ASTM di Vol. 53, 1953. 
r Procee dings, Vo 


_ Properties and Behavior of a Strength Rivet Steel Baron and 
Ww. Larson, Jr., ASTM Vol. 53, 1953. 


- Project ‘Vil. Effect of Rivet Pattern Upon the Fatigue Strength of Structural 


of Joints by F. Baron and E. Ww. ‘Larson, by the — 

and distributed by the Engineering Foundation, February 1955. 

Project | Vill. Fatigue Tests on Damage in Structural Joints 


Cumulative Damage in Structural . Joints by W. Munse, James R 


and Kenneth S. Peterson, AREA Bulletin No. 544, June-_ 4 
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OF RIVETS AND BOLTS IN ‘TENSION@ 
Munse, . ASCE, K. Ss. Petersen, 2 J. M. ASCE 
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ee connection assembled with either ASTM A-325 high pen hole 
ie or rivets of A-141 rivet material. In this study such factors as the flexibility 
“of the connected ‘members, the magnitude of the initial clamping force in the ui 
c fasteners, the number of lines of fasteners, and the’ grip of the fasteners have © 


Whether r rivets and bolts s should be permitted to carry loads in thea ae] 
_ tension has been discussed by engineers(1) for many years and, on occasion, —_ 
_ some have strongly objected | to their use in this manner. Even today, a few - v 
of our design specifications prohibit the use of structural connections which 
_« are subjected to direct tensile loads. And yet, from time to time, experi- _ 
 & mental studies have bi been conducted which demonstrate daa ability of rivets 
In an earlier study reported by Leahey and Munse, (2) an a number of tests ' 
were conducted to determine the behavior of rivets and high- strength bolts — 
: : loaded in direct tension by means of a structural Tee- -connection, such as may 
4 be found in some heavy wind bracing connections, crane hangars, etc. | Leahey : 
studied the behavior, under ‘Static and fatigue loads, of th this | Tee- -type a 
Discussion « open until August 1, 1959. Separate discussions should be 
~4 for the individual papers in this symposium. To extend the closing date one month, 
a a written request must be filed with the Executive Secretary, ASCE. Paper 1970 _ 


, a at the February 1958 ASCE Convention in Chicago, nh. 


of Civ. -Eng., Univ. of Dlinois, Urbana, Il. | 
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2. Structural Engr., Rust Eng. Co., Birmingham, Ala., formerly Research 
= in Civ. Eng., ‘Univ. of Dinois, Urbana, 
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“March, 1959 . ST 
assembled with two lines of taateners, i.e., one line oneach 


side of the web of the Tee. r His study included such variables as the initial 
} tension in the bolts, the spacing of the bolts, and the use of inclined bearing — 
: Although Leahey’s tests answered a number of questions concerning the =* 
behavior of connections with high- -strength bolts when loaded in tension, | many 
: _ other problems still required study. Attention has been given to some _ 
these factors in the tests reported herein. . The flexibility of the members, 
_ the grip of the fasteners, and the effectiveness of the fasteners in members 
: fabricated from wide-flange sections and assembled with two or four lines of 7 


members for this ence series of tests were fabricated ‘from several wide 
flange se sections. In the previous tests it was ‘noted that the p prying action ‘3 

_ the toes of the relatively thin flanges apparently reduced the capacity of the 
bolted connections to a value below the total tensile strength of the fasteners — 
(as determined by tensile tests of the individual bolts). In order to consider _ 
this matter further, flanges of several thicknesses and widths were included dq vi 


In actual tension connections (connections of members such as the Tee- or 


sections of this study) the total thickness or grip may vary considerably even 

_ though the stiffness of the connected sections is not changed. Since this vari- 
~ tn in grip might affect the prying action, because of the greater deformation © 
and elongation possible in longer bolts, a | a pilot test was made using a 2 in. fll 
q . plate between the flanges of a specimen (241100). The test data indicated an — 

increase in ultimate strength of more than 14 per « cent with the increased 


grip. 2 In order to investigate this matter further, many of the new test 5; speci- 

fc Four major variables have been included in the present tests: the number = 
of lines of fasteners, the flange width, the flange thickness, and the type ~ 

ec connector. A summary of the specimens and a listing of the test sections are _ 

_ included in Fig. 1. The twenty-eight tests provided one riveted and one bolted — 
specimen with a fill plate and similar ‘specimens without fill plates for . —— 
specimen types plus two additional specimens, CB9* and 
added for a further study of the effect of flange stiffness. eT ee 

The Tee-sections for the test specimens were of ASTM A- 7 structural =e i 
steel and the fasteners consisted of bolts 3; meeting ASTM designation A-325 a 
or rivets from material meeting ASTM designation A- me coe Te 


_*Specimens were marked with the following code: The first letter designates — 
the specimen type and size of the Tee-section (see Fig. 1); the second indi- 
cates whether the specimen was bolted (B) or riveted (R); ifa Pis included 
in the mark, the specimen was tested with a 2 in. fill plate between ee) 
- flanges; V indicates variable prestress in the bolts; and the 9 refers to the eg 
9 in. Range wi width used in the final two tests. Thus, riveted specimens AR, — 
_ ARP, were in bed bolted specimens AB, ABP, BB, 
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WIDTH 


SOWF 210 | 
3SOWF 210 


210 


Ie} 


TOTAL TESTS 28 
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} Tests. at full size bolts and of standard 0. ).505- -in. round | coupons cut from 
_ the bolts: were conducted to obtain information on their properties. From the _ 
| ss 505-in. coupons, it was found that the bolts of Manufacturer “N”* ae 
strengths of 120,000 psi to. 138, 200 psi and averaged 126,600 psi. , Coupons of 
bolts from Manufacturer “ 
_ an average of 136,000 psi. % Five full-size bolts of each length and manufactur- — 
er were also tested in tension. The average : strength of the four bolts tested 
: to failure with a 10° wedge under their heads and the strength of the other bolt 
tested to failure without the wedge are presented in Table 1. Allofthe bolts 
and nuts used in this series of tests passed the minimum requirements _ aid 
_ ASTM A-325 Specifications; however, eleven of the 30 bolts from Manufactur- 
er “S” stripped the nut threads. 
. 4 In the tests of the connections, bolts from both manufacturers produced ; 
_ stripping failures of the nuts. These stripping failures probably resulted be- " ¥ 
_ cause of the relatively high strength of some of the bolts, particularly those 
_ supplied by Manufacturer “S”, , and the difference or variation in strength of | _ 
the nut materials provided with those bolts. Hardness tests on the nuts + on 
* 6 00 fasteners of each specimen were marked according to the orientation of 
the specimen in the testing machine. All of the mo (north) bolts were from ‘a 
one manufacturer, and all of the “§” (south) bolts were from another. Nuts 
¢£ and flat hardened washers were also provided by both manufacturers. ; 


(Beveled washers were not flange shapes). 
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of 4 tests unless otherwise vise noted 


s from ‘North “vnile South bolts 
were “supplied by Manufacturer 


” gave strengths of 126,000 psi to 146,300 psi with he 
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RIVETS AND BOLTS" 
" furnished by Manufacturer “S” gave readings of 69 to 85 Rockwell B with an 


_ average value of 79 (approximately 143 Brinell). ‘Similar hardness tests on 
& nuts from Manufacturer “N” produced a range of 90 to 98 Rockwell ee 
an average value of 95 (approximately 209 Brinell). 
a For the e various rivets used, coupons of 0.252-in. pone and 1-in. gage 
~ length were turned from driven but unfractured rivets which had been re-_ : | 
ua moved from the specimens after testing. The ultimate strength of these ri ; 
a coupons are shown in Column 4 of Table 2. It was felt that these coupons © 


would reflect better the strength of the rivets than would coupons 
prepared from undriven rivets. 


‘ 


calibrations the elongations and the torques required for the desired bolt — 
loads were measured. As would be expected, the shorter bolts required — ne 

4 somewhat less total elongation to attain 0.9 of the Elastic Proof Load (EPL) 
than did the longer bolts. There was some variation between individual bolts 

of the same length and manufacture, and between one manufacturer and the a 
other; however, these variations were not great. The torque required to load 
the bolts to 0.9 EPL was found to be reasonably constant for all lengths, and 
equal to approximately 320 lb. ft.* The prescribed minimum tension was ob-— 
tained at one-half to three-fourths of a turn of the nut from an initial “finger- 


~ Three electric resistance otrain gages, , 120° apart, were applied to the 


_ shanks of all eight bolts on the first specimen to be tested. In view of the uni- 

_formity of the average strains observed in each of the eight bolts of that test ca 

it was decided to use strain gages on only two bolts in each of the subsequent — 

tests | with the exception of specimens designated EB9 and CB9; no strain a 
. _ gages were used on the bolts of the latter members. For a bolt with strain  e 

‘= gages, the average strain found necessary in the calibrations to obtain the de- . 


_ sired bolt tension was used to set the prestress in that bolt during assembly. _ 
_ For all of the other bolts (those without strain gages) the tension was set on — + 
the basis of the elongations obtained in the calibration tests. _ aa ae 
a All holes were match drilled and carefully aligned before the | specimens | 
7 4 were ymagae eee For the bolts with strain gages it was necessary to eral 


aligned also, ‘fit bolts were and then the test bolts were 
tightened in a predetermined sequence. Upon checking, the first bolts oe 
“4 4 _ tightened in a specimen were sometimes found to be below the desired pre-_ 


stress and therefore had to be | retightened; however, adjustments were made — 


‘2 (except for specimens BBV and BBVP where — 0. 1 EPL was used for the 


until all of the bolts had a minimum prestress of 0.9 the elastic proof load a 
iz 


“ss *It may be noted that this is the approximate equivalent leieiia for the mini-— te 


in? mum bolt tension recommended by the Research Council on Riveted and 
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_ During the assembly of the riveted members by a large structural steel 
rt, 4 ___ fabricator, the inside rows of rivets were driven first, the fit-up bolts were (3m 
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Most of ‘the specimens were tested in a universal testing of 
300,000 lb. capacity. The load was applied in steps of 10, 000 or 20,000 Ib. 
and the readings or measurements mentioned below were taken after all load 
ine rements. Each specimen was loaded until the maximum load was reached — * 
and the first fastener failure occurred in one or more inside fasteners. >. 
loading v was then continued until all of the inside fasteners failed, or until one — 
of the outside fasteners failed. As soon as an outside fastener failed the test a 
a During the tests the following readings were taken: | strains in selected — 
bolts, elongation of all fasteners, and flange separations in one quadrant of 
all specimens. Small gage point holes (less than 1/16 in. deep) were drilled | 
in in 1 both | ends of the fasteners and in the er to: receive the points of the - 
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rations. _ The 3/8-in. by 5/8-in. grid of points for the flange separation _ 
7 4 _ Riveted Specimen ER is pictured in Fig. 2 upon completion of its test. In. 
Fig. 3 may be seen the residual flange deformations remaining in several _ 


“Test 


= -flange sections, ‘the ductility. and strength of the fasteners must be 
in mind when comparisons are made of the results from the various tests. = 
_ The differences in grip may affect the deformations which are produced by a 
_ given load; the longer bolts will probably deform more » than the shorter bolts: 
since two bolts of identical material but of two different lengths will not have - 
_ the same elongation at a given load. Unequal loading of the bolts, because of 
- eccentricities or warping in the specimen, also will have an effect on the be- 
havior of the members. _ The webs of Specimen EB9, for example, before test- 
ing were found to b be ‘bowed almost lit in. . because of the “out of anal of 
_ The question of nut stripping failures must also be considered. Failure by 7 
thread stripping is not sudden and considerable load may be carried even 
after stripping has started. ‘However, it is obvious that higher | loads can be ani 
sustained by bolts for which the nuts strip, if the bolts are assembled with a 7 
Mt strong enough to cause failure by bolt fracture. This point must be kept ae 
in mind when comparing the test results since many of the failures were 
_ initially by stripping. Finally, it should be remembered that the cross- ae 7a 
sectional area of a driven 3/4 in. diameter rivet is about 0.518 sq. in. a a 
; if the stress area of a 3/4 in. diameter bolt is 0.334 sq. in. Thus, the lower — 
strength rivets may, in some cases, develop a load carrying ‘capacity 
om proaching that of comparable size high strength bolts. =~ aaa 


me, The results of | the tests : are e given i in detail in corres 2 and 3. "Members 
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the type B aoe, conan CB9 was fabricated from a 30 in. wide- yi 
flange 210 lb. section (the same section as the type C and D specimens) and 
specimen EB9 was fabricated from a 36 in. _wide- -flange 300 lb. section (the 
section used for the type E and F specimens). However, in each instance the 
flanges: of the members had been cut to a width of 9 in. Sas ee i oi 
‘In order r to study the behavior of the bolts « during the tests, the elongations 
of the bolts were determined with SR-4 strain gages or by means of a me- © 
- chentesl extensometer. From these measurements it could be seen that the © 
~ load was not always distributed uniformly to the bolts, a condition that might 
{ 4 affect the ultimate load carrying capacity of the members. However, it was 
noted that the most heavily strained bolts did not fail, in 
the cases where failure was by thread stripping. 
.- The more sensitive SR- -4 strain gage measurements indicated small a 
_ changes in bolt tension or bolt strain at a load of 4000 to 5000 lb. per bolt. _ 
However, elongation measurements made with the mechanical extensometers 
not reflect noticeable changes in bolt load until the loads on the bolts 
_ averaged as much as 10,000 to 20,000 lb. per bolt. Columns 9 through 13 of 


‘Tables 2 and 3 indicate the manner in which the load was distributed tothe — 

‘rivets and bolts | during the latter stages of testing. However, when poetry 
with the information in column 8 of the same tables, the location ofthe 
- failures, it is found that in only several instances did the most highly strained 
bolt or rivet provide the point of failure. Thus, the unequal distribution of 


load to the fasteners is certainly not the only factor affecting the strength « or 
_ Stripping of the nuts or shearing of the rivet heads causes a decrease in 
- the elongation of the affected fasteners and, at the same time, provides sa 
Token’ location at which maiase can initiate. _ When this type of shearing 
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BP 


increased strain in the | other bolts or rivets. “Such behavior also seems to be 
reflected in the dataof Tables 2and3. 
_ From the bolt elongation plots for Specimens AB, CB9, and EB9 in Fig. 4 
| (right hand edge of upper diagram) it will be noted that the bolts in CB9 and 
_ ~—EBS deformed less for a given load than did the bolts in AB. The stiffer 
- flanges probably reduced the effect of prying action considerably, thereby | 
allowing more of the load capacity of the bolts to be utilized in carrying the 
_ applied load. In addition, the bolt elongation in specimens CB9 and EB9 were 
_ further reduced at any given load because the bolts in these specimens had a 
"yield strength about 10 per cent greater than the bolts in Specimen AB. Th jo Gh 
_ Further confirmation of the reduced prying action with the stiffer flanges is = 
# obtained from the fact that specimens CB9 and EB9 developed almost the full 4 
pe x. of | the individual bolts, although unequal distribution of the load to = 


ore 


‘The B specimen may be considered as the basic 1 member; then, all others 


Two riveted and four bolted specimens with two lines of fasteners were 
q tested. The type A specimens, AR, ARP, AB, and ABP, were fabricated from 
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FIG. LOAD VS. ‘BOLT ELONGATION 
The strain in the inner bolts of specimen BB began increasing at a total od. 
load of 10 ,000 lb. and continued to do so until failure occurred. (See Fig. 5). 
However, the strain in the outer bolts decreased slightly as the member was 
loaded to 160,000 lb., and then began to increase. _ Thus, in the early stages 
of loading the entire load is carried by the inner bolts. rok Sage ay Jouean) 


_ An additional indication of the behavior of the members may be obtained — ee 


from the flange separation measurements. It is interesting to note in Fig. eg 
that point E7 (the outer bolt line) of specimen BB did not exhibit a flange sepa- _ 


ration until the load reached 160,000 lb., further indicating the unequal distri- pe 


bution in the inner and outer bolt lines. The flange at 
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i the tee was large, but the edges of the flanges remained in ‘contact at most 
__ points throughout the entire test. Failure occurred in Nut 3S, one of the nuts 
a on the inner bolt lines, at a load comparable to 48.8 per cent of the total repo 
_ strength of the eight fasteners. Therefore, even if the outer bolts had carried 
none of the applied load at failure, the inner bolts were less than 100 per cent 


- which was 3 per cent greater than that of specimen BB. This higher ~ ~ 
« of BBP may have resulted from the more uniform loading, as seen in Table 3, 
or from the longer bolt lengths. ee i 
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a 2 the driven head which had been formed off center. The ultimate load- 


= 


a > those of BR. _ However, near failure, the longer fasteners of specimen BRP 


= 
March, 
- ‘The inner rivets of en BR showed a change in elongation after ap- 
proximately 80,000 lb. had been applied, the outer fasteners began to show a 
change when the load on the specimen reached 120,000 lb. and at a load of ne 
164,400 Lb. failure occurred in one of the rivets as the shank was pulled ‘4 


failure, iesameeaidh since the specimen seemed to be rather uniformly - 

The of BRP P exhibited deformation characteristics similar 


deformed somewhat more than those of specimen BR (see Fig. 5). In heats 
can it may be noted that the inclusion of a fill plate and better formed rivet <a 


in specimen BRP, despite more unequal gave an 5 


During the loading of the B-type with four 


Pi ix however, , did not seem to affect ereatly the efficiency of the members. 


_ the flanges separated at the webs but rarely at the toes of the flanges. Such | 

P deformations require that the inner fasteners elongate | more than the outer > 
fasteners. As the load was increased further, the inner fasteners failed wae ; 
_ the outer fasteners were generally still far from failure. Had the flanges — 
been stiffer, their bending would have been less, the distribution of the ae 


have reached a greater strain at the time of 
Although the outer fasteners contribute to the ultimate load capacity, their | 
effectiveness is not great. This can be demonstrated readily by a comparison | 
of the loads carried by various specimens. Specimen AB, for example, with ‘3 
_ two lines of fasteners developed an efficiency of 74.4 per cent while / Specimen 
BB with four lines of fasteners developed an efficiency of only 48.8 per cent. = 


* However, specimen BB carried approximately 30 per cent more load than did 


“carrying the because of ithe inthe flanges. 
The amount of flange separation was considerably greater for the riveted 
specimens than it was for the bolted specimens because the rivets were mor 
| Soe than the bolts and could withstand a greater total elongation. This is 
_ very evident in Fig. 6 where three riveted specimens may be compared with 
4 three comparable bolted specimens. The greater ductility of the rivets, 


‘Failure of Fasteners 

“of the 12 tested, three had head failures which oc- 

curred when the shanks withdrew from the heads which had been driven off- - 

% center. In two cases, the heads were so badly off center that they were only oy 
1/32 in. thick at one point along the head-shank junction. . This condition and oi 
the resulting failures can be expected to reduce the efficiencies ofthe = = —> 
me members. In contrast, well formed rivets which were subjected to large bend- © 
7 ing rarely showed any signs of initiation of failure in the heads. eg 
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pending on the flange stiffness and the mode of failure. As the stiffness of the 
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RIVETS AND BOLTS 


a hairline events could be seen on the more heavily ituchent side of a bent 


+ rivet although failure occurred in the ea Se 
Failure by stripping of the nuts developed in 11 of the 16 bolted members. 

_ In those 11 members, three failures were in nuts from Manufacturer “N”, 

_ seven were in nuts from Manufacturer “S” and one involved nuts from both ee 

- manufacturers. However, even after stripping began, the members, in most | 


4 _ cases, continued to carry a large percentage of the maximum load. Care 


> 


must be taken in comparing specimens having only bolt failures with speci- ; 
_ mens having nut failures or a combination of failure types since the latter — 
- failures may have been premature and thus the ultimate loads and efficiencies 
ie _lower than would have been the case ifonly the bolts had failed. = | 
iby It may be noted that column 14 of Table 3 compares the test efficiencies of 

_ identical bolted and riveted specimens. The average efficiency of the riveted 

- specimens was | per cent greater than that of the bolted members; however, 
this difference is not significant. _ Although the efficiencies of the r riveted and _ 
bolted connections are approximately | the same, it is apparent from column a 


co? 


‘stronger ( average of 14 per cent) than t than their riveted counterparts. Pet: 


fect of Flange Stiffness - 


AB, CB9, and EBO specimens had identical and bolt d 
ig ‘pattern but had different flange thicknesses and therefore different bolts and | ns 
bolt lengths. A comparison of the deformation of the several flanges is 

tor portrayed in Fig. 7. The flange separation at a given load was 


largest for specimen AB, CB9 had less bending, and EB9 showed almost no 
_ bending and only slight separation. _ The flange separation plots for Row st 
g Row E (See Fig. 1 for location of rows) for these three specimens and for 
all the other members tested were similar, indicating fairly uniform bending ~ 
‘The type E and the wider type F specimens were the stiffest considered me 
the study. The importance of this stiffness is evident from an examination oz 
“the fastener deformations in Figs. 4 and 5. The outer fasteners of both speci- 7 
men EB and EBP showed an increase in strain at almost the same time as - 
_ did the inner fasteners. In addition, the bending of the flanges was small by 
comparison with the more flexible specimens. Both Specimens EB and EBP La 
failed by rupturing several fasteners simultaneously. However, the inner 
fasteners had strained somewhat more than had the outer bolts, and undoubted 4 : 
ly failed first; the impact created by their failure probably caused the outer ter — - 
fasteners to fail and gave the appearance of a simultaneous failure of the 
nner and outer bolts, 


_ The outer fasteners of the Tiveted type E specimens also began to elongate 


5 ‘specimens ‘separated completely before failure. Thus, the stiffness of the ae A 
flanges, whether riveted or bolted, affected the fastener er elongation | and i flange 


_ A comparison | of the efficiencies shown in Abadi 2 and 3 demonstrates i 
that as the stiffness of the flanges increased, the efficiencies also increased. 7 
It is apparent also that increasing the thickness of the flanges increased the 


_ ultimate load- ~carrying capacity of the specimens. This fact is shown in = 8 
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——, stiffness. A curve has been drawn through the average values for the 


_ specimens with four lines of fasteners and shows the increase in efficiency - 
with an increase in flange thickness. There are insufficient data to draw a a 
as comparable curve for the Ph gi having two Manes of fasteners although a a 


the grip is a function of the thickness which in turn af- 

fects the stiffness of the members. Since the effects of stiffness have been 
‘discussed earlier, the intent here is to examine the grip independently of the 


plate and the resulting longer fasteners, these specimens were identical 
to 13 other ‘specimens having: no fill plate. it was thought that 


action of the flanges would be reduced, and the connection sction efficiencies might 7 
we: Figs. 4 and 5 show that with few exceptions, the elongations of the fasteners © 
in specimens with a fill plate were greater at any givenloadthanthe . 7 
elongations of the shorter fasteners. The several exceptions were probabl 
caused by differences in the mechanical properties « of the fasteners. In ad- ci 
dition, the inequalities in distribution of load to the fasteners of a given speci- 
men also may have contributed to the unexpected behavior in several cases. 7 
1 When flange separation plots similar to Figs. 6 and 7 were prepared for 
the specimens with a fill plate, at any given load, greater flange onc 
- were found for the specimens with a fill plate than for those specimens without _ 7 
the plate. In addition, there did appear, in some cases, to be a reduction in 
the prying action of the specimens witha fill plate. 
Perhaps the best way of examining the effect of the plates is to examine a * 4 
the relative efficiencies of the identical specimens with and without a plate. "7 : 
Column 7 of Tables 2 and 3 show that, on the average, the plate increased the 
. efficiency about 4 per cent for both the riveted and the bolted members. How- _ 


ever, , such an increase in efficiency does not appear to be of great importance. 


The type D and F specimens were identical to the type c and E specimens | 
_ in every respect except flange width. The D and F specimens were tested 
“as rolled” with flange widths of 15.1 in. and 16.7 in. , respectively, while the 
ce and E specimens were cut down to a 14 in. flange width. a= Des Cy 
_ The deformation characteristics of specimen DR (15. 11 in. flange) were 
i similar to those of specimen CR (14.00 in. flange) but the efficiency of Se | . 
men DR, shown in column 6 of Table 2, was somewhat higher than that of — 


count for the ability of that specimen to reduce its prying action more than | 
- was possible in the case of specimen CR. Specimens DRP and CRP, having x 
identical type Tivets, deformed in much the same manner, but DRP carried 


4 in specimen DR were the most ductile of those tested, and that this may ac- - 
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‘RIVETS AND BOLTS 


their and, the small change in edge for these comparatively 


_ _‘The type F specimens, connections with a greater edge distance and stiffer 

q flange than the type D specimens, , because of this increased edge distance, 
exhibited a behavior somewhat different from that shown by the type D speci- . 

_ mens. _ The inner and outer fasteners of the type F specimens elongated more 7 
rapidly than those oft the narrower type E specimens, and the flanges | po el 


. son of efficiencies and loads for the 36 WF 300 specimen with 14 in. and 16.7 — 
in. flanges is not entirely valid because the E type specimens all failed in the 
_ shank of the fasteners while the F type specimens failed in the rivet head or 
% nut. - Such a comparison shows, however, that the effect of the wider r flange is 
to reduce the efficiency about 3- 1/2 per cent, although this value may be im 
little high since all the ‘he specimens h other than shank were the the 


wider members. 


& 


— of Initial 


: ‘thee a lower prestress (0. 1 of Elastic Proof Load) in the inner bolts aunt 
permit a greater transfer of load to the outer bolts. ‘The inner fasteners did | 
pick up strain faster for specimens BBV and BBVP than they did in a 
: comparable but fully torqued specimens, BB and BBP. However, the outer — _ 


fas 


- inner bolts opened up more at the web than did the members with uniform pre- 
7 stress but, when the load reached 160,000 lb., there was little difference in 
: a the bending of the flanges. The ultimate loads were somewhat higher with the 
- ¥ lower prestress, but the difference was slight (average of about 3%) and might 


CONCLUSIONS 


Members with ith eight fasteners in four lines are generally leas efficient 


- = but are stronger than similar members with four fasteners in two lines. 
3 _ The stiffness of the flanges affected the efficiency of the members (a . 


- one instance it was found that an increase in . flange thickness from 0. 90 0 
to 1.32 in. provided as great an increase in strength as did the addition — 
of a fill plate between the of this type of connection a 
have a a slight effect fect upon the 4% increase 


ie 
_ -_ possibly as a result of the nut failures or rivet head failures that were en- | ae 
pannteread and alen harance af the creater nrving actinan noecihle A comnari-_ 
ips 
40 
a 
i- 
ut 7 ges of loading, the flanges of the members with the lower prestress inthe Ba 
= ‘ , 1. The efficiency of a tensile joint of the type tested in this investigation ‘e a 
the same whether assembled with bolts furnished to ASTM A-325 | 
s __ specifications or rivets purchased to ASTM A-141 specifications. How-__ 
: 
— 


5. Small c changes in were wel Little consequence in these 
6. Prestress as low as 0.1 elastic proof load in the bolts in the inner two 


fect on the strength or efficiency of the member. a SY ry 


lines of a specimen with four lines of fasteners will have almost no ef- iq 


The tests described in this paper were a part of an investigation on riveted — 

and bolted connections being performed in the Civil Engineering Department, — 7 

under a cooperative agreement between the Engineering Experiment Station _ 

of the University of Illinois, the Illinois Division of Highways, the Department 


of Commerce—Bureau of Public Roads, and the Research Council on Riveted 
and Bolted Structural Joints. The tests were planned in cooperation with the 


- Project IV Committee of the Research Council on Riveted and Bolted St Structur- 


a de Jonge, Richard, AL -Riveted Joints, a Critical Review o of the Litera- 


ture Coveri Their mounke ment, with Biblio ra h and Qoetxacts. of the 


Leahey, T. F., and Ww. “static. Tests of Rivets and 


‘High- Strength Bolts in Direct Tension, ” Unpublished Progress ‘Report, 


Structural Research Series No. 80, University of Ilinois, 1954. Summa- 
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_ BEHAVIOR ¢ OF RIVETED AND BOLTED BEAM-TO-COLUMN CONNECTIONS? _ 


w. A . M. ASCE, W. G. Bell,2 J. N M. ASCE 
wee E. Chesson, Jr. M. 


SYNOPSIS 
The tests reported herein were performed as of anex- 
a tensive program designed to study the general behavior of beam-to- -column | Bs 


connections assembled with rivets or bolts and included four standard flexible 
connections. Three of the test specimens were assembled with rivets and 
high- strength bolts and were tested at different moment-to-shear ratios. tT The : 
fourth specimen was assembled entirely rivets so as to provide a study 
of the effect of the type of fastener upon the behavior of the connections. __ 
» _ A study is made of the moment-rotation characteristics, the ‘moment- fob 
; resisting capacity, the position « of the center of 2 rotation, and the slip and 
shear deformation of the connections, the deformation of the fasteners, and = 
i a The tests reveal that the connections, although assumed for design son all 
es ; to behave as simple supports, actually provide some end restraint and that 
: the restraint provided by the connections was increased slightly by the use of 
-strength bolts in of rivets to fasten the connection 


= the last few years the ASTM A- 325(1) high-strength bolt —_ eeeene as 


widely accepted as a fastener for the assembly of structural joints. (2) ‘Most — Eos 

Note: Discussion open until August 1, 1959. Separate discussions should be submitted 
_ for the individual papers in this symposium. To extend the closing date one month, 
a written request must be filed with the Executive Secretary, ASCE. Paper 1971 ~ 
part of the copyrighted Journal of the Structural Division, Proceedings | of ofthe 

_ American Society of Civil Engineers, Vol. 85, No. ST 3, March, 1959. wae 

a. Presented at the February 1958 ASCE Convention in Chicago, Ill. 4 

1. Prof. of Civ. Eng., Univ. of Dlinois, Urbana, 


2. J. Pease Co., Charlotte, N. C., , Formerly Asst., 
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strength bolts in lieu of rivets of the same diameter eee ae — 
One of the most important features of the heat-treated high-strength bolt 
is the high clamping force developed in the bolt when it is properly tightened. 
_ This high tension, generally about twice the maximum developed by rivets as 
; 4 a result of shrinkage during cooling, insures the permanent tightness and | 
soundness of bolted structural joints. In addition, since the clamping force 
~ of the bolts does not depend upon shrinkage, it is possible to consistently de- 
velop the same clamping force with any length of bolt. 
‘High- strength bolts are well | adapted to the field assembly of structural © 
connections for a number of reasons, some e of which are as follows: (1) the 
hl oe of the bolts requires no heating equipment and thus fire hazards J 
eliminated, (2) bolting crews can be since the equipment 
a to install the bolts is simple to operate, (3) the bolts are especially 
| Fequred to where it becomes necessary to replace a small number of loose 
rivets, (4) bolts may be installed with either power or hand operated tools, 
and (5) field erection costs are often lower when A 325 bolts are used in lieu 
of field rivets. Consequently, bolts have become competitive with rivets and 
= replace them for the field assembly of structural connections. = = 


7 use of haere bolts am & the field erection of structures may re- 


bolts to provide data on the behavior of such connections. A fourth specimen 7 
_ was 4s assembled entirely with rivets to provide a direct comparison of the _ 


- ing the two methods of assembly. All of the test specimens were ‘similar to 
an all-riveted specimen previously tested by Hechtman and Johnston. (6) Ae 
_ The flexible beam-to-column connection, which is designed to resist only 

_ vertical | loads, is probably the one most frequently used in building con- ae 


7 _ moment-rotation characteristics and the general behavior of connections us- 


i struction. To facilitate design, many of these connections have been standard- 
Pd ized. These “standard connections” and the corresponding beam reactions 
for which they may be used are found in the AISC Handbook of Steel Con- Rts 
struction. (8) Although assumed to be simple, these connections do provide 
some restraint at the ends of the beam and, under normal loading en 
a: ae The tests described in this paper provide information on the effect of : 
several ratios of moment-to-shear upon he general behavior of one type _ 
_ size of flexible beam-to-column _ connection. _ The studies include an oxabention. 
a ‘iad of the moment-rotation n characteristics, the seaieaiie -resisting capacity, the 
; vi, g type and location of failure, the st and shear deformation, the position of the 


~ 
Each of the test was designed to provide data on the behavior 
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iq of rivets and bolts. Although data on the behavior of all-riveted beam-to- 
8 column connections are available,(3,4,5,6,7) few tests have been performed _ 
on connections containing both rivets and bolts. Three of the four specimens : 
ed and re ted harai ad with a ecambinatian of rivete and fl 
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beam stubs 4'-0" in to the. of 2 a c column 
_ 3'-6" in length. The beam stubs were fastened to the column flanges with = 
Se Standard AISC type K- 4(8) connections, each composed of two 6" x 4" x ¢ 3/8" 

11-1/2" angles (see Fig. 1). q 
ad Three of the test specimens, FK-4A, FK-4B, and FK-4C, were identical 
_ in detail except that specimen FK-4C had web stiffeners at the beam sup- . ot 
, ports (3/8 in. thick bar stiffeners were welded to the beam webs and flanges — 

and were located on both sides of the beam webs). The connection angles for 
thn specimens were fastened to the beam webs with rivets of ASTM 
-141(9) material and to the column flanges with ASTM A-325 high-strength oe, 
‘bolts. The details for Specimen FK- 4R were identical to those for the bolted 


(lead from ASTM Designation: A-141 stock. It was specified that all 
rivets, except those fastening the angles to the column flanges of Specimen a 
FK-4R, be machine driven. Since the connection of the angles to the column 
Ah would normally be made in the field, the rivets for this part of the __ 


connection were hand driven to simulate field conditions. maid 
Pray All of the 2-1/2 in. long high-strength bolts, the nuts, and the washers con- 
= formed to the requirements of ASTM Designation: A- 325. The grip of the © 
bolts was 15/16 in., the combined thickness of the column flange and the con- 
The cutting, milling, punching, and riveting of the test specimens was 
in a structural fabricating shop employing g standard fabrication techniques. 
However, the final assembly of Specimens FK-4A, FK-4B, and FK- -4C with 
high- strength bolts through the connection yn angles an and column flanges was = 
_ To simulate field conditions for shop painted members, the contact 
w surfaces between the connection angles and column flanges were painted with 
one coat of red oxide paint. However, before painting, the contact surfaces _ 
between the connection angles and column flanges were wire brushed by hand 
_to remove loose mill scale or rust; any grease or foreign material found on — 
_ the contact surfaces was removed with a solvent. " The paint was then applied 
_ with a brush and allowed to dry for approximately one week prior to the as- ; 
of the connections. The contact surfaces between the connection 
hs angles and beam webs were not painted since this part of the connection is - 
‘normally made in the shop prior to 
‘The high-strength bolts, which were used in the laboratory to weit the 
final assembly of the bolted test specimens, were all calibrated in the Labo- 
= ratory to obtain the nut rotations, torques, and bolt elongations at a bolt 2 
tension of 25,600 lb. (the minimum required by the specifications). The 
a elongation readings were then used to obtain the minimum “required eae in 
the the assembly of the test specimens. 
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Designation: A-7(10) stock; the angle material was sheared from one i 
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‘The bolts were with a to an 
“corresponding to only the minimum required bolt tension so that the test con- ke 
nections would have the minimum rigidity of bolts which are installed in ac- 
cordance with the specifications for bolting. For the forty-eight bolts used, - 

- average elongation at the required minimum bolt tension was 0.0046 in * 
- the average | torque was 300 lb. ft., , and the average nut r rotation was 6/10 of a a 
The rotation of the nut was measured from a “finger tight” position, 

—— by turning the nut as far as possible with the fingers while the ma- 

- terial to be joined was properly fitted-up with adjacent fitting-up bolts. - ia 
ae _ For the bolting of the test specimens the position of the column was _— 
versed from that to be used in the testing machine so that the weight of the _ 

_ beams would produce bearing against the bolts in the same direction as would 
beam reactions during the tests. This procedure produced bearing 
some, if not all, of the bolts and simulated field conditions whereby th the et _- 

“of the beam causes it to bear on the bolts before they are tightened. — Pa. ve 

Properties of Materials 


in the “as- rolled” mechanical properties of the angle 
al, as determined from these coupon tests, are listed in Table 1. It can be | 
seen that the angle material satisfied the requirements of ASTM Designation: a 
A7-55T,(10) but that the material from the 6 in. angle leg had a slightly higher 
yield point and ultimate strength than the coupon material from the 4 in. angle © 


a Coupons were machined | from the bolts and the undriven rivets to di- we 
mensions proportional to the Standard “0.505-in. Coupon” as provided by 
ASTM Designation: E8-54T.(11) These coupons had a diameter of 0.250 in = 
and a 1.00 in. gage length. The mechanical properties of the rivets and bolts = 


listed in Tables 2and3 respectively, 


_ Full-size bolts were tested in the as- -received condition to determine ao 
onal load* and the ultimate strength of the bolts. . The bolts were first loaded | : 
to the required proof load, 28,400 lb. for 3/4 in. diameter bolts, and then un- 
loaded to check for permanent set. The bolts were next tested to failure 
‘ee in direct tension with parallel surfaces or in tension with a 10° wedge 
under the band of the bolt. The average ultimate strength of the bolts was 


and 4 Equipment 


minor changes were made as the tests progressed. "This instrumentation in- _ 
eo" mechanical dials, SR-4 electric resistance strain gages, scales for the 
determination of deflections, extensometers, and a qualitative visual 
_of the location and extent of yielding. 


*The proof load is that load, as ‘required by ASTM A- .-325- 55T, 

i to which a bolt must be subjected without experiencing any permanent set. A ais 
tolerance of + 0.0005 in. is allowed as the difference between the measure- - 4 


before 1 and after the loading. 
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MECHANICAL PROPERTIES oF ANGLE MATERIAL 


Standard 8 in. | Gage e Len 


Origin of Blongation Reduction ield Ultimate 


Det ermine’ dro of beam." 


dials were used to obtain movements in the 
wl (See Figs. 1 and 2). These dials were used to measure: (1) the rotation 
“of the end of the beam r relative to the column,—dials 1 and 2; (2) the angular 
_ movement of the beam relative to the connection angles, ,—dials 3 and 4; (3) ie 
s vertical movement of the connection angles relative to the column flanges, 


: _—dials 7 and 8; (4) the vertical movement of the beam relative to the con- | 


nection angles, '—dial No. 6; and (5) the vertical movement of the beam relative 


_ The SR-4 electric resistance strain gages were used on Specimen FK-4A © 
Fie _to indicate the relative distribution of the column load to the two beam re os 
F: - actions. The gages were mounted on the flanges of each beam midway be- 


- tween the column face and the beam ‘support. , Since | the > strain gage readings — 


for Specimen FK-4A indicated an e equal distribution of the column load hithe 

beam reactions, the use of the gages was discontinued in ‘subsequent tests. 
: os The deflection scales, graduated in 0.05 in. divisions, were mounted on 1 the: 
ie ego of the column flanges as shown in Fig. 1. These scales were read with 
- reference to a fine wire stretched between two rods which were mounted over 


the supports at the mid-depth of the beams. As the column was loaded, the 


scales moved downward relative to the wire which remained in a horizontal 
P sin 
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CONNECTIONS 


BOLT MATERIAL 


da dard 0.252 in. Coupon 
naar ou ns 
in Area, strength” 


the deflection of the center of the the to 
= Two types of extensometers were used in the tests, one to determine the 


deformation of the fasteners through the connection angles and the column — ae ; 
6S, | fanges and the other to measure the separation of the column flanges. “(The ” 
id q points at which the flange separation was measured are aayavent to the 
ative ‘numbers on the ene of the column nn flange in Fig. 5). 


| 


Three of the test specimens, FK- 4A, -4B, FK- -4R, were tested 


load carrying capacity; er, the ‘fourth | specimen, , FK- 
could be loaded only to 300,000 Ib., , the maximum mn capacity of the testing ma- in. 
| chine. » the tests, , the specimens were pier to a number of load incre- — 


_ The distance from the column faces to the beam supports, as 
Pe. 1, | was maintained constant during each test. However, the bearing plates : 
which were fastened to the beam flanges moved outward relative to the sup- 
| ports. This movement can best be understood by visualizing a line connecting = : 
the bearing plate with the center of rotation of the connection (assumed to rs 
located at approximately 1 mid- -depth of the beam). Then, as the column « de- : 
flects downward, this line rotates about the center of rotation of the con- aA 


face inc creases. Since it was considered desirable to. maintain a a constant i 
distance between the column faces and the beam supports during the tests, the a 
bearing plates moved outward by slipping and introduced, between the bearing if 
plates and the supports, a friction force which “must be | ‘considered in de-_ = 

termining the actual moment on the connections, = 
- The beam reaction which acted normal to the beam flange and the friction — 


force ‘which acted parallel to the beam flange v were included in the. determi- 
nation of the connection moments. — _ However, the magnitude of the effect ofthe _ 
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ne Specimen FK-4C, a short span member, required a greater beam re- a - 
action to produce a given connection moment than did the other members and, 
as a result, received the greatest moment correction for the frictional force. 4 ie: 
‘The total connection moments, including the effect of the beam reactions — 
ma the friction force, have been noted in the figures of this paper as “adjust- _ 
ed connection moments” ” to differentiate them from the moments ——w 
on the vertical beam reactions. All references in the text to connection _ 
_ onthe ve unless otherwise identified, pertain to the “adjusted connection — 
moment” ai as defined above. With the exception of the data of Fig. 7, all of the 
Hy test data have been n analyzed and are discussed in terms of the adjusted con-— 


Discussion Test Results 


Since all the connections were identical in detail for the use of 
a rivets in lieu of bolts through the angles and column oo of Specimen rx- 


similar. 
ps parison of the test results for all of the hen specimens is made later in the 
- Specimen FK-4A was the first specimen tested and, in order to assure the - gy 
. determination of all important characteristics of its behavior, more obser- : 
vations and instrumentation readings were taken than in subsequent tests. 
: However, the principal measurements in the tests were the rotation measure- 


ments and these w were obtained in each instance to provide the desired 


Sp 

a Ata connection moment of 260 in. n. kips, the heels of the connection ‘angles .: 

on the tension side of FK-4A began to separate from the column flanges. __ =. A 

_——- since the fasteners on the tension side of the connection had = ‘ 

-—- no ) change in elongation at this moment, the : separation or deformation 

* of the angles occurred only between the two lines of fasteners connecting the , : 
angles to flanges; = toes o of the angles remained in contact 

At a moment of 225 in. kips, yield lines began to appear at the fillet of the ? 

angles on the compression side of the connections and was indicative of the a 
high bearing pressure of the heels of the angles against the column flanges. ; 

irs a moment of 285 in. kips similar yield lines began to appear at the fillets. * 

a the column web opposite the heels of the connection angles, , further indicat - 

ing the presence’ of high bearing pressures. , Yield lines of this type, at a later ae 
stage of the test of Specimen FK- 4R, are readily visible in Fig. 4. |. ca 

The connection angles of FK-4A were found to have separated from the 

i column flanges a distance of 0.50 in. at a moment of 362 in. kips and to —— ; 
started yielding at the fillets on the tension side at a moment of 450 in. kips. Bg 
Then, as the beams continued to rotate relative to the column faces, the beam _ 

Pe flanges in compression came into bearing against the column flanges. Shortly 

after the beam flanges had made contact with the column flanges, yieldlines _ 

appeared at the fillets of the column opposite the points of contact and indicat-_ 
ed the concentration of pressure in the column web. yee riety 
ae a moment of 585 in. kips, one of the east and one of the west connection 


the fillet of the on the tension side of ‘the 
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‘connections. The loading of a specimen was \coutninait beyond the load at oe 
this tearing began and until a maximum load was reached. 


Condition 


| 25 Yielding of angles at fillet 

Yielding of column at web 
fillet on compression side 


Yielding of angles at fillet 

on tension side : 

| Moment at large separation of 
0. oe angles from column flanges 
and ‘magnitude of separation 


45.2 Maximum load resisted by 
spec imens, kips 


* Distance from colum face to 


No tearing of angles although maximum capacity of ,000 


_ It is of interest to note that, in general, the various connections er eer a 
in a similar manner and that t the various c conditions such as yielding, tearing — 
of angles, etc., generally ‘occurred at approximately the same moments in maith 
each of the members. Thus, it would appear that the variation in span had no 
: _ consistent or marked effect on the behavior. However, it may be seen that ; 
: the angles of the bolted specimen FK-4A tore at a somewhat greater moment a ; 
and failed at a slightly greater load than did the angles of the riveted apeci- ed 1 
men FK-4R, indicating that the bolts provide a a in 


from the 


- flanges to pull in toward the beam webs. As a a result, the legs of the ps 
- soon bearing against the fasteners and causing deformations of the bolt — 1Z 
holes and bending of the fasteners. ie As the bolted connection angles continued © 
to ‘separate from the column flanges, the flat heat-treated washers 


ee nuts and angles began to bend in the same direction as the deformed _ 


angles but, although these experienced severe e bending, only one 
With the exception of FK-4C, which was loaded to the maximum 
os capacity of the testing “machine without failure, all of the connections experi- 
A enced a tearing of the angles on the tension side of the connections. Although 
the connections is were ‘Subjected to both moment shear, the tearing of the 
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"angles resulted teem the bending moment. This can be seen rea 
_ from a comparison of the behavior of Specimen FK-4C with that of Specimens 
_ FK-4A, FK-4B, and FK-4R. Specimen FK-4C resisted a vertical beam re- — 
action of 150, 000 lb., almost three times the allowable beam reaction for ere: 
: type of connection, without experiencing a tearing of the angles. _ However, ity 
_ the angle of Specimens FK- 4A, FK-4B, and &- -4R tore at beam reactions of 
000, 29,500 and 12,900 lb., ‘respectively. 
It is of interest to note that all of the angles which experienced a had 
a slight depression about 1 in. in length in the fillet, as shown in Fig. 3(see 
arrow). _ These depressions, a result of the shearing operations, evidently 
weakened the angles sufficiently to initiate tearing under the tensile loadings — 
reported. The angles which did not tear had a similar depression; however, 4 
because of the manner in which the two angles of a connection are assembled, ey 
_ the depressions in the untorn — were located on the compression side of 


-Rotation 

The term rotation, as used in this report, anil to the rotsiion of the end 


“§ a beam relative to the column. This rotation was measured with two me-_ 


in 


chanical dials mounted at the end of the beam flanges and bearing against the 
center 


‘The: deformation in the angles at the | tension side of the connection angles — 
3 was found to provide the largest component in the rotation at the ends of the ; 


beams. Nevertheless, there were a number of other factors which also con- — 
 tritmed to the rotation, including: the extension of the fasteners which con- 
. nected the angles to the column flange, the deformation of the column flanges, — 
and the angular movement between the beam web and the connection angles. __ 
Two moment-rotation curves were obtained for each test specimen ‘except aro 
an Specimen FK-4A. these data it was evident that there was little differ- 
i ence between the moment-rotation characteristics of the two connections for _ 
4 a given specimen and that all of the curves were of the same general shape | 
: (See Fig. 6). At low loads (moments up to 200 in. kips) the rotation of the O 
‘beams was approximately proportional to the connection moment. Then, as Ss 
4 the connection angles began to yield, the rotation increased in a non- “linear fous! 
manner with respect to the applied moment; however, as the moment was in 
creased still further, the rotation assumed a new linear variation with ree 5 
moment and continued this behavior up to the maximum moment for ah the | 
aii The average moment-rotation | curves for the various specimens a 
similar all-riveted specimen tested at Lehigh University(6) are shown : 


Fig. 6 and clearly | demonstrate that the behavior of the various members was: ‘9 


FK-4A (bolted) and FK-4R (riveted), fabricated of the same angles, 
beams, and column materials, indicates a slightly greater resistance to ro- 
tation for Specimen FK-4A. "This slight increase in resistance to rotation a 
_ may have resulted from the stiffening effect of the heat treated washers and sei = 
- from the greater resistance of the bolts to bending a and elongation. Sa con 
comparison of the moment-rotation curves for the two riveted speci- 
=-_ FK-4R and the Lehigh specimen, , indicates a greater resistance to ro- a: 
_ tation for the — ere | specimen. However, as pointed « out in the report of the Bogi 
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the two tests. ‘The ‘rotation of the. beams of the Lehigh specimen 
- measured with level bars, (6) whereas mechanical dials were used for Speci- 


i. ae relationship between the rotation of the ends of the beams a at the a 


column and the moment of the vertical beam reaction connection 


, ‘curves in this figure with the adjusted moment-rotation curves in Fig. 6 im 


. shows the marked effect of the friction force and the horizontal en of 


Standard flexible are y assumed to 
behave as simple supports and the supported beam is designed for the ——_ 

beam moment. However, these connections do offer some to ro- 

_ With the moment-rotation curves from the test connections (see Fig. ~~ 

anda graphical construction developed by Batho, (5) it is possible to evaluate a 
the end restraint which the test connections would provide for a particular 7 
beam size, span, and loading. The beam size chosen for the analysis was the — 
same as that used for the test specimens (18WF50). A laterally supported i 

_ span of 11.2 ft. was chosen for which a uniform load of 9400 lb. /ft. would 


produce beam reactions equal to the maximum allowed by AISC Specifi- | It 
cations\8 or the K4 connection and a maximum stress of 20 ksi at the center a 


- of the span. . The results 3 of the ie analysis, in which the are were —e 


“ACTUAL END 


MOMENT 


Based upon allowable 1 mid-span stress of 20.0 ksi. 


‘These data indicate that the K4 standard beam-to- 
vides partial restraint at the end of the beam (about 11.5% of the fixed- end ; 
moment for bolted pres - In addition, the data indicate | that the 
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‘The readings from the rotation dials (dials 1 and 2, Fig. — were used to ay 
tate during the tests . The loc location of these points, ;, the distance from the. 

_ tension flange of the beams to the center of rotation of the ComnENORe, was 

_ studied and is plotted in Fig. 8 for the connection moments. =| eli a 


determine the locus of the points about which the connections seemed to ro- _ a 


During the first few increments of loading the center of rotation of | the a 


“bolted connections was near the mid-depth of the beams. However, as the 


moment increased, the center of rotation moved toward the compression _ 
flange. the compression flange of the beams came into contact with the 
7 column flange, the effective center of rotation was found to have reached _ 
point about cent of the beam depth from the tension flange of 
The center of rotation of the riveted was approxi 

_ perme 62 per cent of the beam depth from the tension flange of the beams for 
the first loading. - However, the position of the effective center of ‘rotation had — 
- moved to about the same location as that for the bolted connections when the 
_ beam and column flanges came into contact. 


a: from the bending of the angles and the pulling-in of the angle a 
_ Nevertheless, the data give a general indication of the deformation in the 
The elongations of the bolts which were used to angles 
to column flanges of FK-4A, FK-4B, and FK- indicated that 


“extensometer readings indicated an increase in the length of the “Top” tension 
“resulted entirely from an increase in bolt load above the ‘initial prestress, the 
bending of the bolts, or a combination of the two. The other three bolts did — ite 
E experience any noticeable change in| length. 
a comparison of the deformation characteristics of the. rivets of Specimen 7 


bolts. . However, there is some question as to whether the increase in length» wi afi 


= 


4 ‘reveal one of the most important apraevtangpees between | the behavior of the con- 


: the rivets exhibited ; a much — : 


y FK-4R and the bolts of Specimen FK-4A is presented in Fig. 9. These curves — 
# 


much pti load was s required to produce additional deformation | in 

_ the bolts. This, no doubt, accounts at least in part for the greater rotation Fane | 
ial In the latter stages of testing of Specimen FK-4R the tearing of the angles: ato 


‘14 
re 
— 
Se 
— i] 
— 
— 
if 
deformation (elongation) of the fasteners which connected the angles | 44 
to the column flanges was measured during the tests with an extensometer. 4 
q 
‘fasteners during the initial stages of loading. However, the decrease 
as the length of the “Top” fasteners, those most highly loaded in tension, proba~ 
resulted from _a bending of the bolts and the angles rather thana reduction 
— 
A 
| 
¢ 
j elongation than did the bolts at moments 
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a ns the “Top” rivet of the untorn angle. , Then, as tearing progressed, a great- 
_ er portion of the tensile force in the torn angle was resisted by the No.2 

F rivet, as indicated by an increase in its deformation. The deformation _ 

_ characteristics of the No. 3 and 4 rivets for both the torn and untorn — 


“tact similar. However, after the beam and column flanges came into a 


ame No. 9, ‘Fig. =i) at points spaced at 3 in, intervals along the centerline of 
. The flange separation measure- 
ments on the two sides of the web, were averaged and the results plotted from t 
the column centerline in the manner shown in Fig. 10 for Specimens FK- 4C 
Be All of the column Reis deformed in a similar fashion. That i is, the maxi- 
mum separation occurred near the gage points between the “Top” and the | 
_ No. 2 fasteners, and the direction of the movement of the flanges reversed at | 
a point near the No. 4 fasteners. However, the contribution of this separation 


of the column flanges to the rotation of the ends of the beams was —s 


FK-4R 


IMENS 


he addition to the instrumentation discussed above, the test ‘specimens > 
were provided with instrumentation to measure slip and deformation in the 
“connections. slip and deformation dials are numbered 5, 6, and 8 in 


5 _ The dials numbered 7 and 8 were selected to obtain the slip of the con- | 
nection angles relative to the column flanges. | But, the data from these dials 

a re difficult to interpret because c of the error introduced by the ; angular 

- movement or rotation of the outstanding legs of the connection angles in a } 

plane e parallel to the column This movement 0: of the legs re- 
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Ss No sudden changes or irregularities were noted in the slip readings of any 


i of the bolted specimens, even though the shear on one of the members, FK- 


4C, reached 100,000 Ab. (28, 400 psi shear on the bolts) before the slip dials — 
- were removed, _ Thus, the deformations were primarily the result of elastic 


and plastic deformations of the connections rather than slip, although the ni 
holes provided the normal 1/16 in. clearance for th the bolts. Major ‘slip was a 


AVERAGE 


— 


part of the bolts initially ‘in bearing, Ja just as would be the case in the 
ie The No. 6 dials ane: Fig. 1) were used to obtain a ‘piilinies of the idee 
~ movement of the beam webs relative to the connection angles. But, again, no — 
4 major | Slip w was observed because the beam reactions were not large — 
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vertical movements of the beams relative to the column flanges were 
—__} § obtained with the No. 5 dials (See Fig. 1). These movements, when corrected — 
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itween the beam webs and angles. URAL 


d oe . The use of high-strength bolts in lieu of rivets to fasten the cotanetion 


CONNECTIONS 


ae standard (flexible) K-4 connection, which is assumed for design 
purposes to behave as a simple connection, provides some restraint 
against ‘rotation (about 10% fixity with an 18WF50 at working stresses). ; 


2 The moment-rotation characteristics of the riveted and the bolted con- 


nections were very similar. The three bolted connections, , although ) : 
parrnre to loads producing different moment-shear ratios, all gave a 
the same general relationship between moment and rotation. 
. The rotation of the connections resulted primarily from the 
eae the angles. The elongation of the fasteners, the deformation of the 4 


* column and the slip between the connected parts had only a — ; 


fae angles to the column flanges increased slightly the restraint provided : 
5. The point about which the connections seemed to rotate during the tests 
bn moved from an initial position near the mid-depth of the beam toward > ~ 
the compression side of the connections. = 
7 6. The test connections were subjected to bending moment and shear. 
However, the deformation and subsequent tearing failure of the con- 
7 nection angles resulted primarily from the bending moment; the effects 4 
_ of shear deformation were small. 
_ * ‘The test connections failed by tearing of the angles without rupture of 
‘a the fasteners, even though, in one case, the applied load reached a value © 
- nearly t three times as great as the allowable design load for the oc 


nections. This tearing initiated at depressions which had been | created 
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‘The tests described in this paper are a part of an investigation on riveted — 
and bolted joints being carried on in the Civil Engineering Department of the - 
= Engineering Experiment Station at the University of Dlinois in cooperation 
swith the Illinois Division of Highways, the Department of Commerce —Bureau 
of Public Roads, and the Research Council on Riveted and Bolted Structural — : 
Joints. The tests were planned in cooperation | with the — IV Committee 


of the the Research Council. as 


for the effect of the rotati vided relationships 4 
the same general type as those obtained Irom dials and 8, the slip of the 
anglec relative ton the cnlimn Wowever this chonuld he exynecte 
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an ‘TESTS OF OF STRENGTH STEELS 


Ws 


_A condensed summary is presented of a program of fatigue testing, in 
direct tension, of joints made from structural steels having various proper- | 


ies. Rivets and high strength (A 325) bolts were used as fasteners, “, the 


oncluded that clamping force was the most important variable governing the a 
fatigue strength of the joints tested. In the riveted joints, the variations of 
lamping force subordinated whatever ‘superiority one steel has over another. 
oints having high clamping force have high fatigue strength; the joints con- in 
ected with high strength bolts show much higher fatigue strength ee 


Purpose eof Tests 


“From the outset, the leading of the program to de- 


ermine how much increase in load is allowable when steels of higher niet 
Btrength than) the usual AT ‘steel are used in (or parts: thereof) in 


#1141, and a manganese steel, A195. Somewhat later, tests were begun using ai 


AS the fasteners high strength bolts, specification ‘A325, The purpose in vary- — 


ng the fasteners was to discover what effects their variation would have on 
Note: Discussion open until Aatgest 1, 1, , 1959, Separate sl should be : submitted — 
for the individual papers in this symposium. To extend the closing date one month, ' 
a written request must be filed with the Executive Secretary, ASCE. Paper 1972 is [ 
‘part of the copyrighted Journal of the Structural Division, Proceedings of of the ~ el a 
American Society of Civil Engineers, Vol. 85, No. ST 3, March, 1959. oy il 


Gen, Engr., , Eng. Div., ‘Military Co Const., Office, Chf. of Engrs. U. Ss. 
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“the fatigue of plate material. the second, or supporting 
_ purpose of the entire program, it was hoped to elucidate the effects on fatigue 


_ life of several variables, including joint arrangement, properties of the ma main 
_ plate materials and of the fasteners, and intensity of stress. aie 7 


; The Committee has conducted two test programs, of which the ‘second i is 
- eae the subject of this paper. However, for background and compari- 
gon some data will be included from Program IL. In both programs, the test | 
‘ method has been to subject specimens prepared from 1 rolled plates to a cycle 
_ of direct tensile stress, varying in each cycle from zero to a present maxi- 
mum: this maximum stress is a principal variable. All specimens of each 
‘steel were taken from a single plate throughout both programs. Steel A, for 
‘example, designates steel from only c one plate. Different steels to ) the same 
specification were obtained from different mills. Table 1 gives the physical 
_ properties of the steels tested. Mill scale was left on. In the first program, 
_ sixteen different steels were tested in the form of a plate with a hole, and the 
- effect of the stress concentration due to the hole was assessed by comparison 
with results on similar plate specimens without the hole. A few more than — 
one hundred tests of plates: witha hole were made. 
= _ In Program I, the test specimens were double lap joints, with the thick- 
nesses of the outer and middle plates chosen to make the middle plate always 
critical. The fasteners, whether rivets or bolts, were not intended to fail in in 
 faiee and they did not. - There were three patterns of joints, as shown in 
Fig. 1; Pattern A with two fasteners in a line, Pattern B with four ina line, 
_ and Pattern C with four ina rectangle. it may be noted that Pattern C is a 
_ doubling in width of Pattern A: : the ratio of net to gross area, 74.5 per cent, 
= the ratio of gage to diameter of fastener (g/d ratio), 4.25, are the same 
for these two _The ratios for Pattern B are higher: net to gross 


— 


—— 0; and static load tests were made of each kind of specimen tested 


All of the fatigue tests were performed on the direct- “tension machine 0 
the Northwestern n Technological Institute, Evanston, Ilinois. is 
_ machine of Wilson type, and contains ‘two independent testing units mounted in 
a single frame. In each unit, a fixed and a movable pull head are so mounted 
that the load may be maintained concentric with the axis of the specimen. A 


walking beam transmits the motion from a gear train and eccentric to the 4 


approximately 170 cycles per minute. . Load measurement was by means of a 
aul Holes in all specimens were drilled or sub- drilled and r reamed in the labo 
a ‘ratory. The rivets were driven in a large commercial shop in accordance § 
with good practice. | The high tensile bolts were tightened in the laboratory to 
reach the minimum tension of 25,600 pounds specified for the 3/4 inch diame: 


2 Some of the rivets were removed after driving, and tested for shear ct ee 


on driven ‘rivet areas, the carbon rivets were 
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“have an ultimate shear iad of 47 ,000 psi and the ae steel rivets” 

54, 500 psi, or 15 per cent higher. _ A study of clamping force in128 ofthe 
‘oan steel rivets was made by Mr. Y. Yoshimi, using the relaxation method. ee 
He found that after the fatigue failure of the joints, the clamping force of the a 
individual rivets in them varied from 1,000 to nearly 20,000 pounds. “Thirty 4 | 
per cent had less than 5,000 pounds; 20 per cent had over 11,000 pounds; ia 


other half were in between. 
‘The results of 26 static load, tension tests of riveted joints of seven steels 
4 are presented in Table 2. In many cases, initial failure occurred by double — i? 
) shear of the rivets, with the manganese steel rivets ; showing definitely higher 
_ strength, approaching and in six cases exceeding the strength of the main 
Upon failure of the rivets, they were removed, replaced by high 
_ strength bolts, and the specimen retested. (It had been shown in other re- 

search that this procedure had little effect on main-plate strength.) So in all 
cases the main plate, which in fatigue proved critical, was tested to failure. 
The results showed correlation, within a few per cent, of actual plate strength 

_ with strength predicted from the coupon properties of the main plate — 
als and the geometry of the joints. Three different rules for predicting joint 
efficiencies were applied, and the degree of correlation varies somewhat for 
them, but all three predict higher efficiency (5 to 12 per cent) for Pattern B 
joints than for Patterns A or C. In fact, in Pattern B, the joints developed 7 
80 to 88 per cent efficiency, : ‘averaging 84.6 per cent; while in Patterns A and . 
the joints developed 76 to 82 per cent efficiency, averaging about 79 per 
cent. Patterns A and C differed only about 1 per cent in efficiency. In gener- 
al, , then, static tests showed plates in the riveted joints had ultimate static i i 


_erengtin closely related to the coupon properties of the main plate cieiede. >. 


reasons both of brevity and of clarity, not all results of the fatigue 


test programs a are presented in the present ‘summary paper. _ From Program . an 


form of riveted or bolted joints. From Program II all of the tests of joints of 
: Pattern B have been omitted. — These joints had a higher predicted and actual 
efficiency in static t tests than did those of Patterns A and C; however, in 


; parison would be confusing; but the results would not alter the conclusions. a 

___ The fatigue test results are given in Tables 3 - 5 and are presented graphi- 7 

| “cally | in Figs. 2 - a _ The tabulated maximum tensile stress in each cycle was bi 
obtained by dividing the load applied by the testing machine, by the net section | 
of the | main material: in the this value is plotted to linear 


ry, but on visual clarity plus the implication that, with increasing life, ale 
<a Of the 15 steels tested in the form of a plate with a hole, results are given 
in Table 3 and shown in Fig. 2 for those eight steels subsequently tested in 
joints. The plates were 5/8" thick; the test section of the plate, 4° wide by <a 
16" long, had a hole reamed to 1- 1/16" diameter in its center. on By compari- 
son with the data in Table 1, it can be seen that there is a fairly good corre-_ 
Jation between the static and _— test t results; the steels with higher ——_ 
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| 3.53 cycles to failure, a non-linear scale has been selected. This scale is a 4 . 
portional to the square root of the number of cycles. Other scales, linear and 
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physical properties h had in general higher fatigue ‘strength also. The seven 

steels not shown give similar results. One steel of those shown, ‘Steel T, was — 
i’ originally made to a Navy specification (now it is commercially ‘available); a ; 

it is definitely higher in both static and fatigue properties, as shown on this | 

4 figure, so that a separate curve has been drawn for it. The A7 steels are on 

- seen to fall well below the high strength steels, as their static properties _ ee 

would lead one to expect. The remaining |! five high ‘Strength are repre- 


pars the difference in fatigue strength between the A7 neds and the five 
A direct comparison of manganese steel rivets with carbon steel rivets, a 
with no other variable than the fastener, was made in the case of one steel 
= . The results, shown on Fig. 4, do not show that either rivet produced i 
joint clearly stronger than the other under the conditions of the tests. : = 
there is any advantage, it appears to be with the manganese. steel rivet. o- 
Large scatter in results occurred in the ? groups of specimens not presented, 
as well as those shown. . The short grip, ,1- 5/16", » may have affected the « 
present comparison 1 of rivet steels; at longer grips, the manganese steel 2 
rivets might more uniformly develop a higher clamping force. Results using 
these rivets have been excluded from the remaining tables and figures. 


‘potted Joints 


_— steels (of the eight tested as plates with a hole) were tested in fatigue, 
with high tensile bolts as fasteners, in joints of Patterns A and C. . The re- 
sults are shown in Fig. 3 and Table 4. As in the tests of plates witha hole, 5 
the very high yield-point steel shows above the others, with an indicated = 

fatigue strength, at one million cycles, of nearly 43 ksi. ‘This compares 

_ 39 ksi for this steel in Fig. 2, Plates with a Hole. The one A7 steel (Steel K) 

_ showed definitely lower average fatigue strength. | There is more scatter i 
the results from the other steels; but it can be seen that fatigue strengths in 

55 these bolted joints correspond fairly well in relative position with rs 
strengths. Silicon steel M, with lower nee but Reng ultimate than steel. 

Joints 


ich is to the our problem: that 
4 i comparing the strength, in fatigue, in riveted joints, of various steels. 7a 
_ From the results shown on Fig. 5 it can be seen that, as in Fig. 4, the mens : 


which characterized all the tests of riveted joints is evident. All specimens 
ao of Fig. 5 were Pattern C. In the outlined area appear the results of an effort 
_ to reduce scatter effects by testing more specimens at a single stress: ex- 
" _ cept for the d different plate materials, all the specimens were as closely alike 
s possible. All these tests were at zero to 30 ksi. . The contrast between the 
- near equality of the fatigue lives of these six ome, with the great differences 
in their static properties, may be observed. 
One steel, furnished to specification A373 (structural steel for welding), a 
ee late addition to the program, seemed to show exceptionally long fatigue life i. 
i under the same test conditions. Two of the specimens | ran beyond 3 mite 


. cycles. _ The ductility of this steel was 31.5 | per cent, not higher | than steel K 


Later tests under somewhat different conditions ) to support 
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On Ts 16 points for specimens of Pattern A are superimposed on the 
" previous chart. The new points are shown by large symbols. ‘The cluster of 
- tests at zero to 30 ksi is represented by the shaded area. In spite of the fact 
that Pattern A, with two rivets, has the same parameters as Pattern C it ap- 
pears that somewhat higher fatigue life is obtained. As between the different ‘ 
¥ steels, however, there is no apparent difference in results. In this respect, > 1 
~ the additional points confirm the absence of correlation between static proper- 
= Fig. 7 presents a comparison of the fatigue test results of bolted joints: pe 
with riveted joints. The three curves above are the same as on Fig. 3, repre- 
_ genting approximately the trends for Steel T, the silicon and A242 high 
: ‘Strength steels, and the carbon steels respectively. ‘The individual points are 
not replotted, but all the failures of bolted specimens occurred within the Es} 
dotted outline. In the cases of riveted joints (with the one possible exception, 
the A373 steel), the different steels were not distinguishable from one an- 
other in fatigue strength; soa single symbol is used for all of them. The 
napunat maximum cyclic stress at which riveted joints were tested was 30 
; : ksi, at which stress most of the riveted joints failed at around 200,000 cycles 
‘The few specimens of bolted joints tested at this same maximum stress did 
; not fail even after 3,000,000 cycles. Only one bolted specimen failed at 33 
ksi; this was the carbon steel of lowest yield point. ebony effect of the — 


Pas ASOT SEATION. 


Discussion 


Before considering conclusions, are 
all the tests to date, the stress cycle employed was 
maximum tension; and further, the maximum tension was set rather 
high with a view toward producing failures within a reasonable period — 
of testing machine operation. These test conditions do not correspond 
_ - to very common service conditions in buildings or bridges. ee 
a: 2. The rivets were comparatively short. Longer rivets have been shown 
to ) develop, by virtue of greater shrinkage on cooling, higher clamping 
power; hence the comparison made herein of carbon and manganese 
= rivets and high tensile may not be equally 


" plates of the various steels. Some were quite smooth; others i 

pitted in varying degree. Examination of the results does not show the 

roughest plates to be the weakest in fatigue, or vice ce versa; but gall 

an was some indication of such an effect. Since all specimens of any one © 
steel were taken from a single plate, this factor may have influenced the 


4. The St of clamping forces, not only the average e clamping force, 


of the fasteners within a joint, probably influenced the fatigue life. This 
——- of possible or probable asymmetry of clamping force with -e 
. sulting variations in stress concentration, may well be of dominant 

importance in at least some of the 
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In the bolted joints, is to the static- 


Joints fastened with rivets | of manganese steel, A195, were not clearly © 


_ superior to similar joints using ordinary carbon steel rivets, A141, in 
As tested in fatigue | in riveted joints, no plate steel. showed superiority 
q over A7 steel to correlate with higher static strength. One possible — 7 
exception, the A373 steel needs further testing before a conclusion re- 


lating to it can be stated. 
~@ The joints connected with high strength bolts show much higher fatigue - 
Py strength than those connected with rivets, even approaching the yield © 


points of some of the steels. 


- % _ Clamping force. In riveted joints, as tested, the variations— —and the 
- distribution within a joint of those variations—of clamping force, sub- 
ordinates whatever superiority one steel has over another. Joints ol 


‘The | proposes, in future programs, to pursue further ine 
evaluation of high- steels in fatigue, by more careful isolation 
7 mens ; tested. In view of the importance ‘the ‘committee as: assigns to the factor 
+ of stress concentration at the edges of the hole due to bearing, tests have 2 
been ini initiated to establish a “lower limit” under a control condition of full a 
bearing, r no no clamping. ay Tests using less severe stress cycles than zero to 
_ maximum tension—such as 1/2 S to S—which occur more commonly in 
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A ‘considerable amount of earlier in enedtietan of the characteristics of 7 
structural joints assembled with high tensile bolts(1) were focused upon the — 
possibility of slip in the range of currently used design stresses. Other tests — 

clarified the behavior of such joints under fatigue loads. 22 
ad Some questions about the possible effects of various fabricating processes — 
still were open, some others arose as new techniques and ideas developed — 
both in methods of tightening the fasteners and in design principles. The a 
question of the efficiency of joints being influenced by such factors as punch- 


a ing of the holes, misalignments and the paint on the faying | surfaces has been 
er: The high practical value found in the one-turn-of-the- nut method drew the _ A 
a attention to its possible effects upon the behavior of joints. This was especial- i 
ly so in the case of large and long joints, in which the gradual development of — 
required more insight into the behavior of such 
Ga _ A certain tendency toward considering | the coefficient of friction in the de- “4 ‘ 
’ sign of the joint made a more thorough study of this factor necessary. Thus 
the threefold Scope of the later investigations conducted on high tensile ‘bolted 
Tests o1 on joints with drilled and with misaligned punched holes, both 
mill scale and with painted faying surfaces showed that, as expected, the Baer : 
z _ punching of the holes does and the misalignment and the paint do not affect ts 
‘significantly the efficiency of the joint. The effect of punching of the holes 
proved to be the same for bolted joints as for riveted ones. . As a matter <8 
“a Note: Discussion open until August 1, 1959. Separate discussions should be submitted 
Fe a for the individual papers in this symposium. To extend the closing d date one month, = 
_ a written request must be filed with the Executive Secretary, ASCE. Paper 1973, sl 
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fact, the site of the bolted joint in view of these effects, can be ‘suf- 
“ficiently predicted by formulae used to estimate the efficiency of riveted = 


1959 


. The condition of the faying surfaces, whether painted or unpainted, 
apparently does not affect the efficiency. 
_ A sufficient number of small (4 bolt) joint tests and a series of tests on 
tows joints proved that the one-turn-of-the-nut method acts the way it would : 
be predicted from the presence of the higher « clamping force. ae Ae 
_ Systematic © analysis of all available data on slip tests throws more light | 
upon the behavior of the coefficient of friction in the joints. It shows that the 
- major factor determining its s value i is the treatment of the faying surfaces. 
Such factors as clamping force, tension:shear ratio, etc., have well defined 7 
but only minor influence on the value of the coefficient of friction. 
ay These results and others should be of great value in the Grating of specifi- . 
cations for joints: assembled with high tensile bolts. i eaten 


The Effect of Punched Holes, of f Misalignment, and of Painted Faying 


_ Fifteen tests of double-lap joints assembled with 12 high tensile bolts of | 
e 3/4- -in. diameter and four tests of double-lap joints with only one row of 4 
high tensile bolts of 7/8-in. diameter have been run. Some of the tests were 
ig conducted at -24 F, others at room (between 66 and 76 F) temperature. The 
q i slip and the elongation of the joints were measured. ‘The first major slip 


load, strength, ener absor tion and of the joints 


Fifteen 12-bolt specimens, ns, designated T Type Type X (Fig. 1), 
x were meen They were made of 3/4-in. and 3/8-in. plates of ASTM A 7-51T 
_semi- -killed steel, and joined by twelve 3/4-in. high tensile steel bolts (ASTM | 
A 325) in 13/16-in. diameter drilled or punched holes. The holes were mis- _ 
aligned: as shown in Fig. 1. All bolts were tightened to a torque of 320 foot- 
pounds, the recommended approximate equivalent torque for - required mini- 
—_ tension(3) in 3/4-in. bolts. This torque corresponds to an naverage 


Two) types. of specimens were tested: Type U with a tension:shear ting” 
ratio of 1.00:0.75 and Type X with a tension:shear ratio of 1.00:1.00. Speci- 
mens of each type were tested under the following conditions: (1) drilled = 


_ holes, -mill-scale faying surfaces, room temperature; (2) drilled holes, red _ 
d lead faying surfaces, room temperature; (3) punched holes, red-lead faying 
surfaces, room temperature; (4) punched holes, red-lead faying surfaces, 


minus twenty-four degrees Fahrenheit. Two. specimens of each type were 


—— 


ss To this series of 12-bolt specimens four 4-bolt specimens made a 


5 2-in. _ and ‘1/4- in. plates of ASTM A 7-51T semi-killed steel have been add- 
ed, joined by 7 /8- -in. high tensile bolts in 15/16-in. drilled holes in one row. 


‘These are also shown on Fig. 1 and designated Type ZU and ZX, the first hav- | 


ing a tension: shear ratio of 1:0. 75, the second one of 1:1. Two of each type s 


having one outside hole misaligned as shown on 


were tested, both with painted faying surfaces, and one in each set of two es 


7 
— 8 | 
‘4 
— 
: 
| 
a 
Va 
| a 
a 
| 

— 

— 


NMENT. _ 


on 
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Specimen U (top) and ZU, ZX (rotten) 


— 
| x a 8 a 
™ 
is- 
hav- | a 


were cut, shaped, and drilled i in the 


{th 
of the Laboratory, the punching was done in the Seattle plant of the Bethlehem ~ 
Bree The specimens with red-lead faying surfaces were painted (on the | 
faying surfaces only) with Type 1 red lead (TT-P- -86) at at least seven days 
While assembling the specimens, the of the bolts has 
been gradual in six separate stages (three on the laboratory floor and three NS 
in the testing machine) assuring that all bolts have been brought to the same 
final torque. After the bolts had been | properly torqued, the slip gages ae 
thermocouples (for low-temperature tests only), and slide-wire elongation 
gages were mounted. If a low-temperature test was to be run, the entire 


from clevis to clevis was enclosed in in the bag. 


All aapetmnans have been loaded in the cians 000- -pound Bal pound Baldwin hy 


digs 


and in Tables IA and IB. 

‘The specimens with mill- -scale e faying surfaces showed no signs of 
appreciable slip until the average shear on the gross area of the bolts had ae 
= greater than 1 15 ,000 psi. For a | design tension: :shear ratio of 1. 00: 

. The specimens s which were re 
tested at minus 24 degrees Fahrenheit with painted faying surfaces behaved _ 
in the same manner. However, the specimens te tested at room a 
_ with painted faying surfaces began slipping at an average shear of only 5,000 © 4 


psi (1/3 the working load for a ratio of 1,00:0. —" 
2 and Elongation of the Joint 


The elongation behavior r of specimens U and X is summarized in a 


“Figs. 4 and 5. A comparison of the computed and observed ultimate loads is 7 a 


_= not ‘subtracted from | the total elongation in n preparing these « curves s and a 
responsible for the kink which can be seen on some of the curves just prior 


specimens with drilled holes had the greatest strength and 
ananiiten . Those with punched holes had about 90% as much strength and & 


; which were tested at minus 24 degrees Fahrenheit had about 75% as much — 
‘strength and only about 20% as elongation as the drilled specimens 


a b only about 60% as much elongation as the ones with drilled holes. . Those J 


A 


short description od the plate fracture, including the per = tof 
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ae 
3 
were taken of the temperature of the specimen, of the 
[a §8«=—_lip at the center of each side of the joint, and of the elongation along three sf 
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all ‘specimens tested at minus 24 degrees Fahrenheit underwent very little 7 
Specimens P-19, P-20 and P-30 (tension:shear ratio 1.00:1. 00, 

drilled holes) failed by shearing of the bolts; all other specimens { failed by 7 \ 
fracture in the 3/4-in. plate through the first row of holes. All the holes in 7 
specimens P- 19, P-20 and P-30 were found t» be considerably elongated and 
deformed. * ‘This. indicates that all the bolts had come into bearing: long before 

for specimen P-10, all fractures which « at room 
temperature were primarily shear fractures; all specimens tested at minus 
#24 degrees Fahrenheit failed with nearly 100% cleavage fracture. The type 
of fracture present in the broken specimen was identified by visual obser= 


Te compute joint efficiency the Relative Gage Method developed by eo 


F. W. Schutz, Jr. and N. M. Newmark was used. andl yee 


et iat ‘The efficiencies of the joints tested, both c computed and actual, are 


summarized in Tables IIA and IIB. Note the close agreement between the ia 
computed | and actual efficiencies for the specimens tested at room tempera- _ 
Bture. The specimens tested at minus 24 degrees Fahrenheit had (except for 

specimen P-13) actual efficiencies of approximately 25% less than the com-— 

puted efficiency. The results of actual coupon tests were used in determining 
the theoretical efficiency « of the joint ai the theoretical ultimate load the 


joint could carry at 100% cede 


s 
Q-1 and Q- -3, , of the Type ZU and ZX These were compared 
identical specimens Q-2 and Q-4, which did not have > 
served ultimate loads and efficiencies were as follows: 
ratio 7 load per cent 


x 


he problem ¢ of just how much misalignment w — not affect the efficiency sa 
and the question needs further study. 


qa 4 All specimens U and X tested at room temperature underwent con- 
4 
— 
— 
‘ 
cimens with severe 
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.* ‘The Effect of the One- -Turn-of of- wens es Bolt Tightening Method Upon Slip 


The general effect of the one- turn- of-the-nut method in large joints has 


been studied in the following tests. Two Specimens of 80 bolts h have been "q 


tested for slip and efficiency. One of the latter r was a a rather’ long, int. 
_ Twenty-six four-bolt specimens were tested in addition to these. (6) ene 


“1. stip Test of 80-bolt Joints 153-M 
The spe specimens are shown on on | Figs. 6, 7, 8 and 9. The — of the steel 


No. Condition Ten. Area Double Shear ar Shear Per Bolt 


‘Spec, inte ‘Upper Lower  Elong. Red. of 
Now Thickness Yield Point Strength 
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The bolts were sre of 1-in. diameter tensile type 1 meeting the 
ASTM ‘specification A- 325, and marked P, in 17/16-in. diameter holes. 
sss Before assembling the joints all faying surfaces were properly — 
"cleaned from rust andgrease. 
The bolts were a one 


from the finger- tight condition. 


ro so that the marks for the bolt lay on a radial line through the center — 
- of the bolt end. Thus when the mark on the nut traveled 360° and came — 
onto the same radial line, a ‘complete turn of the nut was indicated. An impa 
wrench driven by compressed air was used which torqued about 90% of a 
: bolts of Spec. 155-N. The rest of the bolts were torqued by a hand wrench — 7 
with self-locking socket and the hoist mounted on the testing machine. _ With " 
_ that particular procedure the torquing of a bolt from finger tight position to ao 


f comes: turn of the nut took from 12 to 20 seconds. | 


Measurement of slip and strain. 


aye ee _ When all bolts had been tightened, dials and strain gages were 5 
fitted on the specimen. — ‘For specimen 155-N, 14 dials were used to measure © 


‘slips and 12 SR- 4 ey A- 11 gages were cemented to the lap plates to © 


~ 


(tension: 


-Y 


120.78) and 155 


Loads were in increments of 200 ,000 pounds until the 


full e 


© 
o 
o 
5 
® 
ed 


tension:shear ratio 


( 
0.71) 


Specimen 155=-N 
shear ratio 1: 


Fig-7 


153-1 


4 — 
“ed 
— 
7 — 
4 
— 
7 if plates, 8 on edges of the butt plate) were used (Fig. 8 and Fig. 9). A Baldwin ut 
| _ strain indicator and a Young indicator with switch boxes were used for taking — 9 a ie + 
a 


7 = and was maintained while readings of dials and gages were taken. . This 
_ about 6 minutes in average. The higher loads (over 2,000,000 lbs.) were yl 
& -maintained at each step for an additional 10 minutes so that any significant — 
.G change in slip or strain which occurred within the short period of time after 


loading might be discovered. - The load 1 was released in steps of 400, pate oil 


2. Test to Fracture of 27- and 30-bolt 


a. joints t tested are specimens 153- X and 155-¥ Y which are pad 
on Figs. 6, 7, 8 and properties of the two specimens are listed 
‘Speci men 153-X was cut from specimen 153-M, and specimen 
155-Y was cut from specimen 155-N. The 1-in. _ diameter bolts were ie 
ASTM type A-325, marked C for specimen 153-X and marked P for apOTtenen, 

Y. The specimens (153-X and 155-¥ were so that they could 

broken in the 2,400,000-pound testing machine. 
‘The procedure used to prepare, to fit the 
in the machine identical with the 1e procedure used in the 

‘This procedure was essentially the same as under er 


_ ¢, Measurement f st lip and el ti 
ee urement 0 rain, slip and ion. 
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| imens. Strains at various 
-all elongation of the specimens. eee 
— ) AND 155-Y REA 


: plates 1 were measured SR-4 Type A-11 gages. A Baldwin strain indicator | 

a Young indicator with switch boxes were used for taking strain readings. — 

specimen 155-Y, 12 SR-4 gages were used. Inthis speci- 

‘men, which had five rows of bolts, the slip was measured at each row by dial — 2 p 

"gages fixed at either end. Over- ~all of the specimen was measured 


7 butt plate at the top end of the joint. ‘They had a wire attachment extending to 
the other end of the joint and firmly clamped there to the lap plates. The er; 

arrangement of all gages can be seen on Fig. 
Specimen 153-X had 23 SR-4 gages. The slip was measured f for 
each alternate row with 14 dial gages. For overall elongation a similar ar- i 
rangement was used as in ‘155- we of these 


can be seen in Fig. 


Loads were in of 100,000 pounds. All dial» 


4 and erate readings | were taken at each increment of load up to the yield point. be 
_ Each loading took about | one minute and the reading of gages took from 6 - 8 8 7 
minutes approximately. Whenever a a major slip occu rred the loading was 
stopped and readings taken. Reading of SR-4 gages were discontinued 
the specimen started to yield. Slip readings were taken until all the bolts _ 
were in bearing. Dials for slip readings were removed before breaking the 
Overall was measured for the entire duration of the test. 
ws and Rs i i a ah In order to find the clamping force produced by one turn of the © 
nut, curves were drawn for each kind of bolt 


determination of the clamping force. 
ao compare slip characteristics for difterent types of 7 
tania by the one- ~turn- of-the-nut method does not appear to be a scientific- 
“oe rigorous approach. ‘Different grip lengths give different clamping forces — 
when the nut is given one complete turn. _ The clamping force also differs elieg 
with different batches of bolts. We may only expect a certain average clamp- 
fag force by this method as all the bolts yield with elongation resulting from .° 
-———s Qne complete turn of the nut does not. give the bolts an elongation — 
equal to the pitch of the bolt thread. _ ‘The actual elongation is less than this es yo 
ee differs considerably for individual bolts. But once the bolt yields, the a 


~~ becomes considerably flat. _ This means that even if the elongation a 


varies only by about 12.5% of the 0. 2% yield value depending c on the 
shape. of the curve. _ In other words, once yielding occurred, variations in o 
‘significantly the he clamping 
Thus t the average clamping forces are 72,500 lbs. - for P bolts of 


nt 
fter 

isted 
imen at 
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EST P bolts of 6.38-in. grip which were used for specimen 153-M, and 


69 000 Ibs. for | c ee miet 6. 38- -in. grip which were used d for sp specimen -153- i 


cision obtainable in the one-turn-of-the-nut method. ee no 


= adoption of these average values seems to be consistent with rine — ‘out ; 


. Data and Result of the Slip Test of the 80- Bolt Joints. 


the ‘required minimum bolt tension(3) and the results analyzed. ( ) The 
a present second investigation was done in the same general — except the — ma 
bolts were tightened by the one-turn-of-the-nut method. 


Slip Characteristics, 
‘The | general development of slip. 


a, | The joints slipped in the same e general ‘manner as am the bolts: 


nl tightened to the required minimum bolt tension, (7) but apparently the 


A i ‘Figs. 11 and 12 show the averages of two slip gages « on each gage line for ae 


specimen 153-M and specimen 155-N, respectively, at different loads. - It - was 
4 found(7) that t the : specimens ] 153 and 155 under required minimum bolt tension 
their n major at about 2000 and 1500 kips, corresponding to at 


4 coefficient of friction of 0.215 while specimen 155-N showed t no major slip at — 
all within the of the machine. . The costiictont of friction for the first 


BOLT # | - 6.38" 
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«Fig. curves of l-inch diameter high tensile bolts: 
Specimens 155-N, 153K and — 


two specimens had been previously tested by torauing the bolts to 
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major slip of specimen 155- N is therefore above 0.207, at a nominal shear — ny 


b. Distribution of slip among rows. 


fe ae and + tye means that the applied load is picked up only by © 
™- two end rows of bolts at low loads, , but is shared gradually by interior 
rows as the load increases. bs Based on the assumption that the fractionof —_— 
load taken up by each row is proportional to the slip of that row, it is found 
that f for specimen 153- -M the distribution of load in rows is symmetrical with 
- respect to the middle section at higher loads, while for specimen 155-N the 


al irae has never been symmetrical. No definite trend can be pointed 


out as the covered only two specimens. 


M, all rows sa holes" slipped about the same amount—in the order of 1/64- -in, 

or 1/4 of the clearance. Strain readings showed little change at the major — 

slip. It is certain that the bolts were not yet in bearing at this stage. Previ- _ 

ous tests of the same sspecimens(7) showed that the slip might have gone - 

far as one-tenth of an inch before : all saat bolts actually came into — i 


a. Load partition in individual plates. 
enti i Comparison with the results of previous tests(7) show that the 


“first row of bolts took up a greater percentage of load in the present test than 


a yy ee load partition calculated from str strain readings seems to be © 
er 
to that calculated from slips. But for specimen M the load partition 
tased on a ram is very close to that calculated on the assumption of uniform ey: 

“friction between plates, has yet to be ascertained by further tests. However, 

_ it should not be concluded that calculation of load partition i by eli slip i is # more a a. 
"reliable than n calculation of load by strain, ty 


Distribution of load in 2 lap plates. 


Slip and strain data show that ‘the distribution of the the applied | 


between the two lap plates may not be exactly e equal. 4 For specimen 153-M, 


— the rear plate slipped slightly more than the front plate and consequently took o 


less load than the front plate. Strain readings show this consistently. For han’ 
specimen 155- -N, . the front plate slipped far less than the rear plate but rs” 


jumped up at about 2300-kip load. ‘This: was bya 


to the wea values. nce means that the pucocern slip « consists of not 
a ve side between the plates but also an elastic deformation ofthe | 
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: ‘specimen 153-M discloses a pry relation between the behavior of slip and 

strain on releasing the load. The apparent slips of the end rows evidently 
 hawe a greater fraction resulting from elastic deformation than those of the 

_ middle rows have. The readings for end sections depart more from the origi- 
nal values on reducing the load than those for the middle sections do, the de- 

-parture being positive for sections near one end of the plate and negative for 


Data and Results of th the Fracture Test at of the the 27- and 30- Bolt Joints 


153-X and 155- 


The development of sl ip. 
4 


- 


pastry shear of 23.6 and 15.73 ksi and 2 a ‘nominal coefficient of friction c of 4 
_ 0.268 and 0.170. Before the first major slip was obtained specimen 155-Y 
7 slipped a very small amount at a load of 640 kips corresponding to a nominal 


_ bolt shear of 13.6 ksi and a nominal coefficient of friction of 0.146. pete fo 


be Distribution of slip among rows. 


: In accordance \ with our diiaatiinen the rows at the ends, that is, 
“rows 1 nearest to the applied load, start slipping first and show the maximum | q 
7 slip at any ‘Stage. . This can be seen in Figs. 13 and 14 for specimens (153-X -X 4 
Be. E ‘and 155-Y. In specimen 155- Y, , Tow 2 shows less slip than the middle row for. 
a great length of time, and seems to be taking minimum share of the load. __ 
a Whereas in specimen 153- X the middle row shows no slip | until there is a 2 i 


i major slip in the whole specimen; it also shows minimum slip all the time. - 


Specimen 153-X shows some symmetry in the distribution of load with re Y iad i 


x 


15. “Similarly, Fig. 16 strains in the and in the center 
plate of specimen 155-Y. These strain values can be interpreted as the aver- 
age strains in the particular sections of the plates at the different loads. ag 
Strain gages that lie within the joint show consistently greater values of 
strains in sections that lie nearer to the applied loads. The gages which lie 


erry the first row of bolts however show a much smaller value of ‘strain, 


Load partition in individual 
- plates and the load transferred at each row of bolts have been calculated ~ 
two different ways. From slip data the load partition has been calculated « on 


_ the assumption that the transfer of load in .each row is 3 proportional to the at 
average alip i in the row. Load partition mae also been ne from strain 


| 


lus 
a 
! 
manner as in the previous 
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1s 153-X. Strains in the lap plates tes and 


readings, assuming that the stress in the plate is athersits a over 
the whole area of cross s section of the a +3 shows the typical 


specimen 155-Y. 


The slip and strain n data show w that the ‘two lap iting 
exactly the same load, and slip by slightly varying amounts. 
than the lap oan on the east side. This difference of slip was very much — inea 
less in the two lap plates of specimen 153 

OP 


and slip in ‘the long joint joint, 
The development of the sli in the lon is in in a way 
p 
slip develops faster and one jerk may bring the bolts ‘close to bearing. In; a 
bn joint slip occurs in much more distinct stages. The slip in both Fl 


Starts from the end rows and iil — towards the center of the cs 
as the load is increased. 
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~ the a a the lap plates. Past this line, assuming uniform friction there .. 
. ~ should begin a distribution of the load to the two lap plates. In order to ac- i 
_complish this the three plates should elongate the same amount. This con- 
- dition obviously can not prevail near the end of the lap places since there the a : - 
center plate carries full load while the lap plates carry only very small load. - 
a Consequently slip between the plates is forcibly started as a result of the “i 
difference of strain between the center and the lap ap plates. This creates an 


tions. — 


area over which the coefficient of friction suddenly drops to its dynamic 
value. In this instant the load carried by the ; area which 1 forcibly slips, will 

This process 
a the phenomenon called slipstock in the study of frictional phe- — 


ee Slip will continue by this mechanism from the area of one row 


Pp 


assum 


a 
when the load released by the slip of the last part area can not be transferred 
by those parts of the joint that en slipped yet. At this instant the whole 
ss On completion of the slip the bolts in the end rows go into bear-_ 
first. After these started deforming the in middle 
the above analysis it appears that the trans- 
a row is not proportional to the amount of slip at that Tow. An 


4. Elongation and Yielding Specimens. 
 _‘The average over-all elongation of the | joints has been saneed 


Failure of Specimens. Kae 
Contrary to our expectations the specimen 155- -Y fail in in the 
7 


155= 


thicker pwns but in the two lap plates (Fig. 20). ‘This ‘was in accordance with 
the fact that the thinner plates had a lower ultimate strength in this specimen. 
= — Specimen 153-X failed by shearing of the bolts. Ata load of 2 ,260 
Kips one end bolt in the bottom row sheared off. ‘The load was dropped to ob- 
serve what had happened. On increasing the load to 2,259 the two other bolts 
in the bottom row sheared off. The load was again dropped and on reloading 
after the the observations two bolts in the top row and the one bolt in the second 
‘row from the bottom dropped off at a load of 2,248 kips. _ On reloading again 
the last bolt in the top row and the one bolt in the second row from the top 
‘Sheared off at a load of 2,276 kips. After this all the romataing bolts sheared 


Specimen 


The Efficienc of of the J Joint. 


The the joints 153-X and 155-Y has been computed 


this: report by the Relative Gage Method developed by F. W. Schutz, Jr., and < i 
‘ N. M. Newmark. 4) This method gives the efficiency of the joint when failure : a 
Occurs in the plate. Specimen 153-X failed by shearing of bolts. So the ~<_ 
ficiency computed here does not check closely with its observed value. In 
failure courses in the observed efficiency — 
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19 Average overall elongation of Specimens 153=X and 155=-Y. 
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153-X had 2,276 kips observed and 2,401 computed. cere 
_-—- ultimate load, 81 per cent observed and 87 per cent computed 
efficiency. Specimen 155-Y had 2,164 observedand 
ae 2,080 computed ultimate load, 83 per cent observed and 79.6 oy: 


D. Test of 4- ‘Bolt Joints. Rie 


4 In order | to discover any of the one- -turr-of- the- -nut method of 
tightening the bolts upon the nominal friction, a ‘Special of 


The Cg type specimens were made of ASTM A 51T steel plates, 


1/2-in. and 1-in. thick. Thirteen | double assemblies were » made w which provid- 


_- ‘The bolts used for ‘these small joints were 1-in. in diameter and 
_ 4-in. long, and were marked BIS on the head. The holes were of 17/16- inp 
diameter. One-half turn has been used since previous tests showed that — 
_ huts will strip at about 3/4 turn, the grip being only 2-in. Calibration test oo 
the bolts showed that the full clamping the bolt is 


“one- -halfturn, 


— 
— 
— 
“te 
20-SPECIMENS 153-X (LEFT) AND 155-Y AFTER TEST 


ends of the assembled specimen were bolted two yo pre- 
eis connecting pieces. The whole assembly | was lifted to and fixed din q 
7 the 300,000-lb. testing machine. Two dials were used, one on each edge eof | 
_ the specimen to measure slip. | Load was applied in 10-kip increments and > 
the ‘corresponding slip values taken until the evidence of was 


i : The joints slipped in the same general manner as when the bolts: 


were tightened | to the required minimum bolt tension, (3, 9) but apparently the | 
higher clamping force reduced the slippage considerably | for a given load. a 3 
yh vs een Fig. 21 shows the load- -slip curves of all the 26 Cg type speci- 
is 21. 67 ksi, corresponding to an: applied load of 136.2 kips and coefficient of 7 
_ friction of 0.284 when the bolt tension is 60 kips. Previous test results(3, 9) 
_ showed | that under the minimum required bolt tension of 42.5 kips, major slip 
- occurred in similar Cg type joints at average nominal bolt shears of 13.8 and — 
= 15.3 ksi corresponding to coefficients of friction 0.25 and 0.29; and i 
52.5 kips bolt tension, major slip occurred at an average nominal bolt shear 
of 21. 8 ksi corresponding to coefficient of friction 0.33. The value 21.8 ksi 
for 52.5- -kip bolt tension seems to upset the general trend that major slip oc- 
curs at higher nominal shear value when bolts have higher tension. But this 
‘should certainly be attributed to the fact that only 3 specimens were — — 
ss In the test of the 4-bolt apogee. wl different ways of slip- 


(1) Slip started gradually, jumped at a certain 
A 


~ value teas a so-called major slip which was indicated by a sudden drop of 


load with or without an accompanying loud report. Then slip increased gradu- 


ally again as the loadincreased. 
me (2) Slip progressed gradually all all the way, no drop of load oc- 
Slip appeared in the same general way as in (i). 
Load dropped twice indicating two 
(4) Same and 3), dropped three 


-1/ 2°. No particular behavior in gates be attributed to the m 

ment of the specimen sO far as these few tests are concerned. 

— 

to 1/2 the the ‘clearance, , but the majority was around 1/64-in. , or 1/4 the 


The amount major alige in in the -bolt joints varied from 1/10 


_ clearance. The maximum amount of slip (average the readings of 2 dials) a 


-170-kip load was 0.069-in. (Fig. 21), greater than the nominal clearance of _ 


the hole. Actually many had been in after major 
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slips occurred, but the reading on the poe dials continued to increase ‘isan 
bly | the of the metal were defor: deformed. 


load within which slip will most the occur. The ‘probability analy 


sis of slip for the Cg type joints indicates that major slip is most Like likely to Fi 


occur when the nominal bolt shear is between 22 and 23 k ksi. — 


Il. The Study the Coefficient. of Friction in upon 
nois, Northwestern and Washi ton Test Data. > 


reports from the universities linois, Northwestern and 
ashington have been searched for data. An exhaustive study showed that the — 
most important factor in determining the nominal coefficient of friction is the ' 
eatment of the faying surface. Twelve other factors have been considered, 
some of which proved to have no effect, some others have only minor effects: %* 
u 


analysis has been applied where 

7 The Apparent Coefficient iat Friction in J Joints Fastened by High 


Obje ect and Sco e of Investi ation. 


ina 

laboratories have been a analyzed. ‘This has been done with a view ll 
gating the factors which may have some influence on the value of the nominal — 
coefficient of friction and if possible find the extent of such influence. Only 
the values of nominal or ‘apparent coefficient ¢ of friction for the first major ar 
slip were analyzed. Joints tested under static only been con- 


all An effort has also: been made to find by a statistical approach the px 


— of friction of spliced materials as used here 
is cee nominal value found by dividing the total load on the joint at the first | a 


major ‘slip by the total clamping force of all the bolts multiplied by the a 


number of slipping planes in the joint. example, a double lap joint 
have two slipping planes while a single lap joint would have only one slipping 
— plane. This definition is based upon the most conventional concept of friction | 


and it is understood that it does not perfectly describe the complex phenomena 


a resulting in measurable slip in a joint. This measured slip results in part — 4 
from deformations of the joined plates and in part from their actual relative sa : 


‘motion. The two types of slip are interrelated and their ‘selection would ee) 

neither be practicable nor practical. Observations made on large joints(6, 7) a 

indicate that the first slip measured during the test of a joint is mainly th the a 
= of combined c causes and only the s0- -called first ees slip i is unequivo- 
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The | ‘major the first euch relative motion 
“a the +t the Sete plates, in which one whole plate unmistakably takes part. — 
is represented on graphical presentations of slip- force curves as a definite Sha 
a horizontal portion. On larger joints gages in all p positions simultaneously = 
r indicate such slips. This first major slip might be the one which brings all 
i or part of the connectors into bearing. Defining our nominal coefficient of — i 


friction in connection with this first slip seems to it with more 


7 


this ‘one and the properties of these joints and their slip characteristics _ 
- were recorded. . This led to such an accumulation of data which cannot be | 
"presented here. It has been made available in reference 10 in a condensed 


BY 


conclusions of each ‘progress report were also studied 


ss The significance of each factor affecting the value of the nominal he -s 
coefficient of friction was then studied. These factors were then chosen as _ 7 
variables and a tabulation has been made of all the joints similar in respect 


The statistical analysis followed the practice of using 


: “charts an and control diagrams to study the lack of control in the values of the 
coefficient of friction. The available tests were used in three different “ee 
groups for this. approach. This was done in order to arrive at a probable 


value that can be recommended for the coefficient of friction. _ oe 


Any factor affecting the first major slip in a joint ‘necessarily re-— 
 flects in in the value of the nominal coefficient of friction. Some factors seem — 


to have a more definite effect than others, ne it is in order to group them ig 
a. Factors that seem to affect the of 


Condition of faying 11,12,13,14 


|= friction of a joint from the factors that did not definitely influence it. | 


From the laws of friction it directly follows that the coef- 

- ficient of friction depends on the roughness of the surface. _ Consequently a ‘y 

condition of faying surface makes all the difference in the value of the aomient 4 
friction. Ttis is the most important 


Bol Bolt t ‘ension(1, 12,13 


| is independent of the ‘clamping ‘force of the bolts. ‘This seems in n line with the 

aa known laws of friction. In (16) it is stated, “The coefficient *tegahll 
friction was independent of t the e clamping force of the fasteners , provided the 
tensile stress on the net cross- section area did not exceed approximately one- 


that beyond a particular value of bolt tension the design i is governed by the ; 
_ net area in tension. Due to stress concentration the plate near the bolt holes - 


; half of the upper yield point stress of the plates in the joint”. Which means 2 
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“March, 
yields at a stress in the net section seeisiisitens to | half the value of th th 


a a view of this consideration the nominal coefficient Bags 2 


friction in ina made by high tensile bolts can be by bolt tension. 


aie Hale The tension:shear ratio seems to have an effect on the pomal= 


7 nal coefficient of friction. _ This is probably due to the fact that a }greater — 
@ — in the net section reduces the clamping force in the bolts due a _ 
s ratio effect and also causes the plate | to the 


| 


Bey. The results of the tests described in the above references ep 
é ‘seem em to show that the type and size of joint have some influence on the nomi- 
nal coefficient of friction. In the lap plate joint probably slight bending occurs 


the case of joints with several rows, the end rows slip. first. 
A tentative conclusion mentioned in (13) shows that duration 
of load has an effect on the value of the nominal coefficient of friction. st Tus 
4 can also be seen from results of tests. Sustained load probably creates some > 


Misalignment of holes can the of coef- 


‘eee of friction because some bolts may be in bearing = or partly) to 
start with. 


(7) ) Temperature in the case of painted surfaces 


"strength is again lost as temperatures rise. 


b. . Factors that seem to have no significant effect 4 the coefficient 


Size of of faying area (11, (11,12) 


The are area . of surfaces es in contact has nc no oe on the value of 


Phe thickness of lap plates seems to have no effect on a z 


_ value of the nominal coefficient of friction as long. as the ‘average stress in 
the lap plate does not exceed 60% of the tensile yield point of steel. The ef. . 
fect of this variable is probably negligible because the reduction of bolt 

ss. = effect is negligible. But it possibly becomes more effective when the 
Portion of the plate near the bolt hole yields. 


_ tension due to diminishing of the thickness of the plate on account of Poisson’s _ 
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BOLTED 


‘me ut area —@) ) Type of of loading (t (tension or compression) 16, 12) ee 


(16) that there seems to be some effect ae 


the type of ‘aidilie on the value of the nominal coefficient of friction. But 


this has been contradicted in (12). Probably the effect the effect, if — is due to the 
(5) B Bolt grip(9,17) 17) 


stated in 4 in (9) that th the of the does not seem 


have any influence on the coefficient of friction. In the conclusions of (17) ont 


m ention has been made of any influence of the bolt grip; nor do th do the results ., 
how great effect of this factor. rire Un te 


‘The Effect of Various Factors Upon the Nominal Coetticient of 


Many groups of joints have been tested which were 
all seinacin except in the condition of their faying surface. . A list of all oe ; 


—— which fall in this group can be found in reference 10. 


s friction than similar specimens with mill scale surfaces. Sand blasting 
seems to ‘make t the surfaces rough and increases the coefficient of friction. 

ary general, mill scale surfaces from which loose scales have _ ; 

. removed seem to show a reasonable roughness of the surface and a - : 
greater nominal coefficient of friction. This means that if the surfaces can 
not be made rough then at least no kind of paint should be used on their a 


rv "ok ve The faying surface treatments are listed as follows in the order 


Sand blasted (0. 47 ) 


(4) Mill scale (0.30) 
(5) Lacquered (0.28) 
Galvanized (0.26) 
(10) Black graphite paint (0. 09) Bie 


(11) Red lead (0.065) 


be boles on the nominal coefficient o iction as lone as the bolts are not in rae | —.: 
iim 
— 
rs 
pe — 
d 
bl 
= wf lubricant and reduces the coefficient of friction. The value of the nomina d —— 
iio coefficient of friction seems to be rather small in the case of surfaces pz |. a 
> ed with red lead and varnish. The values of the nominal coefficient of fri a es 5 
— 
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— ) Red lead, sand blasted (0.42) 
) Red lead, plates assembled wet (0.31) 
(4) Red lead, flame cleaned (0.22) 


as Second coat of red -_ on a dry one, assembled wet (0.1 10) 


Te “The data which have been used to iad the effect of bolt tension a 
on the coefficient of friction fall into two groups, one with tension:shear ratio 

a of 1:0.94 and the other with tension:shear ratio of 1:0.75. They indicate that Rs : 
_ the value of nominal coefficient of friction is fairly constant up to a certain 


- range . of bolt tension. When the bolt tension is increased beyond a ey 
value (see paragraph 3Aa) the value of coefficient of friction 


Tension: -shear ratio. 
ant Five groups of of tests have been used to find the prey of tension: — 


It is noticeable that as the tension:shear ratio increases the 
mH _ crease in the nominal coefficient of friction is somewhat steeper at first and ~ 
tends to off. The increase is of the order of about 0.06. 


a) Joints: with 2 or 3 bolts. 


a which seems to be rather a large variation. _ These variations may be be soe 


_ bolt or any other possible reason. This also seems to be a reason to be more 
¥ in coefficient of the smaller J 

eee A The 92 joints tested with 4 or 6 bolts show an average coef- a 
% ficient of friction of about 0.31 ranging from a minimum of 0.18 to a maximum 
a of 0.45. In this case, though the average value is lower than vem he smaller 
we do not have such a great variation. 
oa If we consider 51 joints with 4 to 8 bolts having i average — 
bolt tension of 42.5 kips we have the average value of nominal coefficient of 
2 friction a as s 0. 337 with a minimum of 0.22 and a maximum of 0. ” which is an — 
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a 4 coe icient of friction decreases at higher values o tension. This de- — | 
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BOLTED JOINTS 
iene Twenty- six joints tested with 4 bolts each and eeeten an pais 
average bolt tension of 60 kips show an average value of nominal coefficient —_ 


of friction of 0.284, a minimum of 0.233 and a maximum of 0. = 1. This is es 


(3) 20 bolts or “ere, 


4 ieee Six joints assembled with 20 to 30 bolts show an average a 
yalue of nominal coefficient of friction of 0. 22, a minimum of 0.17 and a maxi- 
joints assembled with 80 bolts show an average value of 
as coefficient of friction of 0. 23, a minimum of 0.21 and a maximum of “al Ya 


£4 


Summing the approximate values of average coefficient of 


friction in connection with the number of bolts in the joint: ber. Samet *) 
or 3 bolts, ave. 0.45 (0. 18 - 0.60) 
to 6 bolts, ave. 0.31 (0.18 - 0. 45) 
20 and more’ bolts, ave. 0. 22 (0.17 - 0.30) 
80 bolts, ave. 0.23 (0. 21 - 0. 
The number of joints tested having than 4 bolts or ‘more 
than 4 bolts is very small to draw any definite conclusions. The average  - 
value of the ‘nominal coefficient of friction seems to decrease with the size of 
joints and so does also ) the range between the minimum and maximum values — 
of the nominal coefficient of friction. If we regard carefully the study of © P A 
| joints with 4 to 6 bolts it suggests that there is less lack of control of nly 
value of nominal coefficient of friction in joints’ having higher bolt a 
All the large joints tested have an average bolt tension of 42.5 kips or greater. iS, 
have a bolt tension of 35 
Effect of shape of the joint. 
ae a ‘Joints in which the number of rows is more than 4 times the 
number of bolts in each row seem to have a very small value of nominal coef- 
ficient of friction. | Three joints(9) having 10 rows of bolts with 2 bolts in each 
row show an average value of nominal coefficient of of 0.22, a mini- 


alternate fous of 1 and 3 bolts showed of friction of 0. 


a 20% decrease in the value of the nominal coefficient of friction when tested : 
under such conditions. ‘The observation is based only ona single specimen. ‘- 
However, this ‘would mean that the value of the coefficient of friction should 7 a 
be estimated with care when used in connection with sustained loading. 


a. Selection of joints. 
We find that the most important factor affecting friction the = 


type of faying surface. . The variation in the value of coefficient of friction be- ss 
comes so great with the change of faying surface that it does not seem reason- 
able to group joints with different types. of ' faying surfaces for statistical 
‘treatment. accepted practice is to make joints s with members 
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having mill scale surfaces. Joints with mill scale faying outa. give us the - oe 
most reasonable average values of coefficient of friction. _ The available data ho the line 

to justify statistical tzeatment of these joints only. 1.1628 as 


“Analysis. of all joints mill scale surfaces. _ to probab 

An analysis was made of all the 127 joints tested under short 

time static loading in tension having ‘mill scale surfaces. ‘The cumulative 
frequency distribution curve for the coefficient of friction as observed in 7 

= joints show a considerable variation in the e value of coefficient of — = was made 


friction. The value that occurs most frequently, « or the mode, is 0.31 as cafi 7 friction g 
ta 


_- e found on a frequency hystogram. The central value (or arithmetic © mean) the weigh 

of of friction is 0. 3128 concerne 

The control chart for the values of coefficient friction 

is aidan in Fig. 22. A value of standard deviation from the sone value has 123 joint: 
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— value of o was found to be 0. 05. If we draw a line parallel 


0 * line representing the central value at a distance of 3¢ in Fig. 3 0 we get . ; 
0. 1628 as the lower limit for the value of coefficient of friction. 1 According 


l rri re reasonable val a SeCOI na is 
was made omitting 4 joints with 2 or 3 bolts having the value of coefficient ysis 
friction greater than 0.45. These values were considered too high to — 
tthe weight given to them by this method of analysis. _ Moreover we are more 
concerned with low values than very high ones Rp a 

sss The central value of coefficient of friction for the rest ofthe 
1123 joints was 0.3062. _ The standard deviation was found to be 0.0316 which | a 
gave 0.2114 as the value for lower limit for coefficient of friction (Fig. 22) oe 

l i 4 4 

_ The results of the three nie of the presented investigation allow the oY 1 


efficiency. "The ultimate strength and efficiency of joints of a single row of - oa 
bolts, in which only one outside hole was ee ‘showed slight decrease _ 


of both ultimate load and of of efficiency. Pibee, 


ultimate strength, efficiency, strain- energy ab- 


ieuption of the joints with punched holes at room temperature were definitely _ 
less than those with drilled holes. — Ultimate strength and efficiency were de- = 
creased about 10%; elongation and strain- ~energy absorption, 40%. al, 


= Red lead paint on the faying surfaces was found to have a very definite © a) = 


effect on the friction d developed between the faying surfaces at room tempera-- 
ture, The with surfaces began slipping at approxi- 


minus 24 degrees Fahrenheit, however, the red lead painted faying ‘surfaces 
¢| developed practically the same friction as the unpainted mill scale. However 
[this does not se seem to have oF noticeable ‘upon the the of the 


The Effect of Low Temperature. 


| 


| plastic deformation. Although the ultimate > strength ar and the efficiency of = 


the gross area of the bolts of 15,000 psi. 


A 


*Working load was taken to be that load. which produced an on 
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temperatures ‘did have one effect on the 


_Even though the faying surfaces were painted with red lead, the jotta did not : 
slip until until | the working lo load had been reached 


‘The one- turn-of-the-nut method of tightening the bolts reduces the 


ea a The nominal coefficient of friction for first major slip seems to be 
in joints tightened by the one-turn-of-the-nut method than in joints 


tightened by the required minimum bolt tension. Nevertheless due to the 


higher clamping force the load which will produce slip is also higher. ed 
_ re 4. The partition of the load in joints tightened by the one-turn- -of-the- 
nut. method is similar to that tightened by the required minimum bolt tension. } 


 § The efficiency computed by the Schutz-Newmark formula agreed 


_ closely with the experimental value in specimens with bolts tightened by the 


ag -turn-of-the-nut method, even though the formula would not strictly apply B id 


The most important factor in determining the value of coefficient j 
pone in a bolted joint is the condition of the faying surfaces. = | 
eee 2. - Factors reducing | the coefficient of f friction are: _increasing bolt — 
tension, ‘decreasing | tension: shear 1 ratio, increasing size of the joint, increas- 
number of bolts in the joint and sustained 
‘Statistical terms, the lack of increases w 
size of joint and decreasing of bolts. 
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This p paper describes the procedures which pom been used by Bethlehem 
‘Steel Company to insure that high-strength bolts are installed and tightened — : 
to produce the minimum bolt tension required by specifications. It outlines — 

the studies and tests that have been made to develop a safe, practical, ae 


‘economical method of bolt tightening, Details of present procedures are de- 


The use of hig high-strength steel bolts as permanent fasteners for structural — 


| steel joints has become general only since the formation of the Research 
Council on Riveted and Bolted Structural Joints in 1947, and the publication = 
of specifications approved by the Council in 1951. "However, the use of heat- : 
treated carbon bolts, torqued toa high tension, is not new. _ Bethlehem Steel 
Company, and probably others, used such bolts for temporary erection ga 
purposes in the early thirties, and have continued to use them in erecting all a 
structures of any magnitude since the building of the Golden Gate Bridge. ll 
_ The determination of the number of heat-treated bolts required in a stress- a 
carrying joint was based on shear values about 50% greater than those permit-— 
ted for rivets of the same diameter. it is also of interest to note that washers any 

| of ordinary carbon steel, not heat- treated, were utilized in the operations, 
m= the nuts used were standard size, not heavy and not heat-treated. Deeks, 

! a Fig. 1 shows a close- -up view o of a bridge joint fitted up not only for. rivet- 

| ing, but also for c carrying erection loads. This is a joint in the New Orleans 
Bridge across the Mississippi River which is now under construction. The B 
one side of the diagonal member connection shown has 149 holes for fasteners 


and you will note we have used 50 pins and an equal ‘number of bolts to hold ‘ te — ie ia 


Note: Discussion open until August 1, 1959. Separate discussions should be submitted 
: _ for the individual papers in this symposium. To extend the closing date one month, oe 
a written request must be filed with the Executive Secretary, ASCE. Paper 1974 is za 
_ part of the copyrighted Journal of the Structural Division, Proceedings of the Mca) 
American Society of Civil Engineers, Vol. 85, No. ST 3, March, 
a. Presented at ASCE Convention in Chicago, ‘Hlinois,- 1958, 
1. Chief Engr., 
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carrying load encountered in the course of erection. _ While this joint will be 
a > _Fiveted eventually, it is very similar to one using A-325 bolts as permanent | 
. 7 fasteners. The temporary bolts a are high-strength with regular pattern 


. oo the joint ie, in n this case, is st sufficient for fitting- up purposes and for ed 


In the pre-Research Council _ no attempt was made to attain any — 


precise amount of minimum tension or clamping force in the bolts. The bolts 
were tightened with impact wrenches and operators were instructed only to 
make certain th that they were tight with the joint contact. 


+ 


the required tension in | the bolts. The specifications | state the mini- 
—~ method to be used to attain the tension. Some erectors have used hand © 
¥y torque wrenches alone for tightening. Others tightened with impact wrenches 
- and checked with hand torque wrenches. - Bethlehem followed the latter pi 
- practice. It was soon recognized by various experimenters that the approxi- ‘ 
mate torque values given in the specifications are not reliable measures of _ 
the tension in the bolts. The amount of torque required varies with the lubri- 
cation used on the bolts, and with small differences in'the threads of bolts and 
7 2 nuts. Hand torque wrenches have to be calibrated for each lot of bolts at each 
_ application to determine the correct torque- tension ratios for that application. 
i a Bethlehem v. very quickly c came to the conclusion that bolts must be tightened 
_ with impact wrenches for reasons of economy and practicability. After ‘guile 
_ tightening toa degree governed byt the intuition of the skilled operator, “—— 
> certain percentage of the bolts were checked with calibrated torque weeneaal 
Bolts were re-torqued or replaced when checks proved unsatisfactory. x This 
ve method worked, but it placed a premium on the use of skilled operators \ who 
“a were accustomed to the “feel” of bolts when they had attained proper tension. 
— _ The next method developed by Bethlehem was the use of calibrated impact 
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_ amount of air pressure was determined by testing wrenches periodically on 


HIGH-STRENGTH 


ak 


“adjusted to stall to ‘stall ‘the wrench when proper tension was reached. Correct | aes 


‘the job with a calibrating device. 
We designed and built a calibrating device which is shown in Fig. 2. It 


consists of a hollow ram hydraulic jack of 60-ton capacity. The yoke which cs 

pulls seningt | the ram is guided by a substantial frame which bears against 

“the cylinder, and by torquing a bolt held between the yoke and bottom face 
_ plate, the jack is energized by the stress in the bolt. A hydraulic gauge, read- 


§ ing total load, indicates the bolt tension a. oF device was used by 
Bethlehem and had much merit. 
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calibrated was used to million 
strength bolts all over the country and was successful since fewer skilled ; 
men are required to do the w work. It proved to be economical and practical 
when the bolts on a job 1 were mainly of the same diameter and approximately | 
the same length, thus requiring the same air pressure. However, it became 
quite impractical for joints requiring different size bolts which meant ad- 
‘ditional wrenches, with different air pressures. One joint in a modern multi- 
storied building may demand 4 or even 5 sizes of bolts, from 3/4 in. dia. to 
1-1/4 in. dia. Each size of bolt needed a Separate impact wrench calibrated 
‘to ) Stall at some determined air pressure. . The complexity of using so. many > 
: wrenches with so many air pressures at a single joint was increased by the | 
- need of having still more air hoses carrying air at the higher pressure neces- 
‘sary to: ream out holes, cut out shop rivets, chipping, « etc. Manifestly so some 
other method of tightening had to be developed. 


_ We realized, even when our method of calibrating impact wrenches iis. 


doing a good job, that something must be done to reduce the amount of es 
- equipment needed. We felt one of the most promising developments would be 
_ a method of torque control which would permit us to operate at any air 
_- pressure, preferably 100 psi or more, to eliminate the need for a separate = 
_ air line to ream, , chip, ete. An adjustable friction clutch device was developed 
that could be applied to the impact wrench between wrench and socket. The — 
clutch could be adjusted to slip at prescribed torques and would hold its ad- 
 justment fairly well. However, it added weight | to the power tool and its size 
prevented use in close quarters, both of which made it undesirable. kil y 
The air tool manufacturers also studied the problem and finally developed 


ab “a built- -in torque control which would ‘shut off the air ‘pressure at vanestagel = 


no way helped us with our growing and lalieea problem of joints having sever- 


al sizes of bolts, or r with another problem which ia ieiaaiai itself when we we had 


to — bolt heads instead of nuts. 
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HIGH- STRENGTH BOLTS 
Since these — control tools measure torque, and it requires far more 


torque to properly tighten a bolt from the head than it does from the nut end ba’ 


it was clear that torque did ‘not provide the measure of tension needed. eon | 
= It was obvious that we needed a measure of tension other than torque to do — 4 
a good job, and that : we must develop a a more a anit as well as more  aineall 4 
_ While Bethlehem, and other firms, were searching for a more practicable | 
oe method of tightening, the American Association of Railroads was trying to 
: find a good reliable way to tighten bolts. at remote locations , without power > 
_ tools, and using unskilled labor. In 1954 Mr. E. J. Ruble, Research Engineer 
Structures of A.A.R., conducted a large number of tests to determine ifthe 
re number of turns of the nut could be used as the criterion for bolt tension. The 
e report of his tests was published in American Railway Engineering Associ- 
ation—Bulletin—Volume 56, No. 520, dated January 1955, and in ASCE Pro- 
ceedings ‘Paper 786 by F. Drew, Assistant Research h Engineer ‘Structures 
be Mr. Ruble’ s tests covered bolts ranging from 5/8 in. to 1-1/8 in. in diame- | 


tight” the minimum bolt tension required by 


* threads. He recommended that bolts be given o one full turn of the nut osu 
“finger tightness” in order to be above the minimum tension required. In 


_ 1955, the Research Council, in Appendix B B to the specifications, approved d one 
turn of the nut from hand- -tight position ; asa 1 satisfactory method of tension 
7 control. In all of the above it should be noted that the turns are measured oe 
from the finger or hand-tight position after the steel surfaces have been , 
a to use finger or hand tightness as a reliable starting point for measuring 


the amount of turn. . Because of the effect of dents and dirt accumulating in = 


threads, experience proved it was difficult and time consuming to determine ; 
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the hand- -tight ‘position. Furthermore, erectors to 
bolts by hand when they had impact wrenches available to do the work. The es 
_ need for establishing a better starting point for final stressing was clearly 
4 indicated. It was also evident that all tightening should be done with th impact — 


After numerous experiments, , Bethlehem developed a turn-of-nut method 
_ which has proved to be safe, practical and economical. From our ' experience 


with riveting we knew that drawing the component material together properly, 
commonly called fitting-up, must precede any routine procedure for final i 


4 bolting. " Therefore, we have established fitting - -up as the f the first operation to — 


ae Next we had to determine how to obtain a reasonably uniform starting point 
from which we could measure nut turn. . We found it by adapting a procedure <3 
_ workmen normally use in power bolting. We have them install the bolts with 
the nuts started on a thread or two by hand, then spin the vod down tight, us- — 
ing the impact wrench asa hut runner, toa “snug” condition. _ The most re- re 
liable starting point, for measuring the ‘amount of turn, was found to be ae 
_ “snug” condition. _ This condition is obtained by spinning the nut until the | 
- weeneh starts to impact, which occurs when turning of the nut is resisted by _ 
- friction between the face of the nut and the surface of the steel. This “snug” 
_ position is naturally tighter than the hand-tight position and, thevedeee, een. 
— turning i is | required to bring the bolt to its proper tension, — Numer- - 


"position varies from 1/2 turn to 3/4 turn depending on the bolt diameter - 
grip. . The table shown in Fig. 6 gives | the nut turn required for bolts of the se 
‘This table was determined by trying \ various amounts of nut-turn and sag 
_ ~measuring the tension obtained in the bolts. Bolts tightened in accordance © 
_ with the table will have no less than the minimum tension specified by the © 7 


above § to 10 above 6.1/2 to 12_ 
above 5 to 10 above 6.1/2 to 12 
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bait will have less than 
msion. 
Bolt tensions are as follows: or 
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pur 
trial runs. Ss This is an illustration of how our procedure ties in with the speci -— 
i‘: The following instructions for tightening high-strength bolts are given to - 


Fair-up holes with enough pins be maintain Cmmaiens and pl plumbness 
“of the structure. * Pins are not to be removed until bolts in balance of 

Install bolts in the remaining holes 
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March, 1959 


® , Tighten ; a pattern of bolts as you would for riveting, being : sure that the 


_ This instruction deserves comment. It ahoua be emphasized that the steel 


pis must be fitted- up so that faying surfaces are in contact before t tightening the — 
bolts is started. Some of the permanent bolts already placed in the holes | are 
used for fitting-up purposes, and they are tightened by means ofimpact ~~ 
_ wrenches, without regard to the amount of nut- -turn, The essential feature in- 
i: this operation - is to make certain that the plies of steel are tightly fit together. 


‘The typical truss joint shown in Fig. 11 illustrates the number of pas api the | 


_ number of fitting-up bolts used in an actual field joint for riveting, an 
‘Fig. 12 shows another actual joint to be bolted being fitted-up. You will _ 
: note the marks indicating which bolts are being used for fitting-up aiiiens. 
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 % — an | impact wrench, with a | marking socket, ‘Spin | the nut t of eac each 


the number of turns specified inthetablee 


_ This instruction also. requires comment. The marking socket referred to z 
as s shown in Fig. 14 marks the outside face of the nut or head during the oper- 
ation, so that workmen or inspectors can see at a glance whether or not the | 


the bolt must be turned instead of the nut. _ The same procedure should be | 
followed, with the same amount of turn. _ Turning the head normally requires 

a little longer time | than turning the nut. ‘The amount of air pressure used for 7 7 
the wrenches need not be constant; it usually varies from 80 psi to 120 psi, ts a 
depending on type of wrench, diameter of bolt, type of joints, and conditions a 
at the site. _Legible marks be placed on the outside the he wrench 


j 
bolt has been tightened. In some cases, for clearance reasons, the head of 
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Ma Mareh, 1956 


must be differentiated either by | color or by of marks. 
pins with bolts and tighten as in item 
- Check the tightness of each fit-up bolt with impact wrench. Usually no - 
further torquing is required, but some may require 1/4 turn. apis 
“Fig. 17 shows the completed job and clearly shows the mark amma of th the 


1. ‘Tightening crew should mark completed joint with identifying sy symbol. 


18 sho shows a typical joint painting. 


a pe bolted joints pms be inspected by the contractor, a and by the owner if 
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joints are note that they bear identification 
Geant He should see that all nuts have a mark on the outside face, made 
by the wrench sockets during tightening. He should also check a number of wy 
the bolts. mechanically, as shown in Fig. 19, to see that they have been 
torqued to at least the specified minimum tension 
This check can be made with a hand torque wrench, with a dial gauge a 
brated on the job to: determine the torque- tension ratio. Fig. 20 shows ahand 
torque wrench being calibrated by means of a hydraulic calibrating device. — 
A heavy mill-type building is pictured in Fig. 21, 


shown is the crusher unit for Erie at 
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tall structure required ¢ with 140" booms plus jibs 


typical highway bridge structure is in Fig. 22. i 


© ae Penna. Turnpike. ‘The ‘continuous girders span the Lehigh River and the deck 
_ trusses are over a creek. 75,000 A-325 bolts were used to fasten 4,200 tons 
aan A modern New York skyscraper is shown in Fig. 23. - This is a 38- -story | 
at 666 Fifth Avenue, New York City. The is over 500' 
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: e representative of the type structures which are 
now being bolted. They were selected from many examples of comparable _ 
All of these structures utilized high-strength bolts for field connections 
and all bolts were tightened in accordance with the procedures described a2 ; 
Since 1951 Bethlehem’s erection department has installed and tightened a 
over 15,000,000 high-strength bolts, by various methods, with no record of __ 
failure. The present method has proved to be reliable, practical, and eco- sy 
wmical However, Bethlehem and others are still searching for improve- _ 


- The last three slides ar 


‘ments. Equipment manufacturers are always improving their impact wrench- 
es and accessory equipment and trying to develop new and better types. It is, 
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J IVISION 
| URAL D VISION 


of the American Society of Civil 


‘EXPERIENCE WITH HIGH-STRENGTH 


the application of bolted connections. The procedure for bolting 


| and pron gre as developed on the project is outlined. as Some of the ‘more Br 


experience on the project are dr drawn. 


_ The use of more than 1,000,000 high-strength bolts in the Mackinac Bridge - - ; 
was an important factor in keeping steel erection on schedule and allowing _— = ; 
opening of the bridge to traffic on the scheduled date, November 1,1957. 

_ A brief description of the Mackinac Bridge will include many outstanding 7 
| features. Its cost, $100,000,000, including administration, engineering, and ut ps. 
interest during construction, makes it the most costly bridge project yet a 

ff undertaken. Its length, over the often rough waters of the Straits of Mackinac, 

of 17,917 feet, or over three miles, rates the bridge as a major structure. as 
The center suspended span of 3 800 feet ranks second only to the Golden en. = 

| Gate’s center span of 4,200 feet. * The two side spans" of 1 800 f feet each,two 
| unloaded backstay - spans of 472 feet each, and the two anchorages of 135 feet 4 
each, make the total length of the suspended span structure 8,614 feet from | 
back to back of f anchorages, the longest single suspension bridge yet built. pore. 
a In order to make financing possible, it was essential that the bridge be oy Se 
§ completed to the point of opening to traffic in four construction seasons from _ 
the time of financing. Winter conditions at the Straits of Mackinac make 
marine operation impossible during the winter months. The construction _ 
Note: Discussion open until August 1, 1959. - Separate discussions should be submitted 7 
_ for the individual papers in this symposium . To extend the closing date one month, _ 


a written request must be filed with the Executive Secretary, ASCE. | Paper 1975 is 

*. part of the copyrighted Journal of the Structural Division, Proceedings of the sien} , 
American Society of Civil Engineers, Vol. 85, No.ST 3, March, 1959. 

a. Presented at the February 1958 ASCE Convention in Chicago, Il. ioe mh : 

Resident Engr. for D. B. Steinman, 
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were caused at intervals by storms, or winds and Tough 4 seas 


Tess than storm intensity. 
. * nade The contract for the superstructure steel, awarded to the American Bridge 


: 4 < and the start of steel fabrication on the main towers. 


- _ trusses which are on 34 feet centers. Silicon steel, A.S.T.M. A94, was used 


Stringers were spliced to. develop continuity over several floor beams. 


‘season from about the the middle April to the of 
_ December for marine work. Interruptions to the work during the constructiél 


Division of U. S. Steel Corporation, was a unit ‘price contract for $44, 532 ,000, 
the largest bridge contract awarded to date. 
+ The 1954 season was devoted to foundation work on the main eg piers, 

q 
Steel erection was started on July 2, 1955 on the main towers. _ The t towers 
- were topped out to their height of 552 feet on December 6. ‘The backstay a 
my spans W were floated out i in November and December. j This schedule allowed { 


assembly. 


Riveting of the towers and backstay spans proceeded during their erection ‘and 
It proved difficult to maintain echeduled progress on riveting, due 


eer ‘with the ; riveting approximately 60% complete from the bottom up. . The 
upper unriveted splices were bolted and pinned in 40-60 ratio. Similarly, the 
Bore spans were not completeiy riveted, and some of the chord splices” 
and other connections went through the winter bolted and pinned. _ ed a t 
~The difficulty of maintaining the riveting schedule led the American Bridge 
* Division to propose the use of high-strength bolts for all of the approach truss§ 
spans scheduled for 1956, and the suspended spans scheduled for 1957. This 
_ proposal was accepted by the consulting engineer. | Somewhat over 1 ,000, 000 § 
_ high-strength bolts were required for this work, 
Le Allo of the steel to be bolted had been designed f for 7/8 inch and 1 och 
rivets. ~All of the truss chords, both in the approach spans and in the stiffen- 
ing trusses for the suspended spans, were assembled and reamed before | 
a a The truss approaches, totaling 9,303 feet in length, consist of seven con- 
tinuous span units of four spans, the longest unit being 480-560-560-480 feet 
in length. The depth of the trusses in these long spans is 45 feet at the center} 


of the span and 53 feet over the intermediate piers. Construction is of the — 
_ deck truss type, with the floor beams, 54 feet long, being framed through the 


for highly stressed truss chords and diagonals, and structural carbon steel, 
A.S. T. M. Al , in the balance. The maximum grip of bolts used in the con- om 


“y Erection of all members except the floor system was done from the water by 
the cantilever method, by the means of anchoring adjacent trusses, and the _ 

use of falsework of which there was usually one bent in each span, and full © 
_ Cantilever erection in the fourth spanofeachunit. 

_ The suspended spans are of the deck truss type, with stiffening trusses, 
3,766 feet long in the center span, and 1,775 feet long in each side ‘Span. ‘The 
depth of the trusses is 38 feet, and the panel lengths about 39 feet. Trusses" 


are 68 feet on centers, and are provides with a top and bottom lateral bracing 
_ System as well as sway bracing. Floor beams, 68 feet long, are of truss con- 


struction, and were shop assembled and riveted. - Silicon steel was used in the} 
stringers, stiffening truss chords and other atreased 
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units of both trusses, the floor | 
| and top and bottom lateral bracing. The units weighed from 100 to 150 tons, 

| and were barged from the assembly yard to the site, two units per barge. i 
| The units were raised by means of lifting struts which were rolled on top of | 
the main cables. The two lifting struts used for each lift were each | provided | 
with two 9 part falls, which were attached to the floor trusses “7 the unit. 4 
When the units: were lifted into place, the four suspender ropes, already in- : ah 
one | stalled, were connected to their brackets on the trusses by means of socketed a 
on connections on the suspenders. Balanced erection both ways from each tower = 
wih F was followed. A feature of stiffening truss erection is the fact that the final — 
56. | shape of the truss is not developed until all dead load is applied. _ This makes J 

it impossible to make up the chord and diagonal connections between the units — 
§ as erection proceeds. . As the stage is reached where the joints make up and a 
ret. the holes are fair, , which may be a temporary condition , the connections must 
4 The be bolted and pinned in the case of riveted connections. A big advantage in 
the use of high-strength bolts in these connections is that bolting can be 

permanently made at scattered points as soon as they are fair and ready, 

7 without the necessity of temporary bolting and pinning. @ Final bolting of the 
ridge chords and diagonals was kept well ahead of second pass erection ie ae 
BY The | erection of the floor system followed asa second pass. All of the 


‘erected. fe gt was immediately followed by the placing c of the floor g1 grid, qj 
which was then welded sufficiently to carry the erecting crane and straddle 


ffen- 

a buggy. = _All material f for the second pass was moved from t the towers t to the 2 

- 4 point of erection over the grating by straddle buggies; likewise the truck — os 

— crane shuttled between erection points on opposite sides of each tower. ‘The 


use of high- strength bolts speeded up the ais -' the grating a and the use of 


enter— 
4 Some examples of bolted connections ave shown in Fig. 1 , Typical Bottom 
‘thee Chord Splice in Approach Trusses; Fig. 2, Typical Bolted Splices at Top 

if Chord of Stiffening Truss; Fig. 7 Connection to Cable at the Center of Stiffen- 


_ Before the start of bolting, the Specifications for Assembly of ae 


Riveted and Bolted Structural Joints of the Engineering Foundation. 46-9 

_ Before the use of high-strength bolts was agreed on, early in 1956, some © 


of the appr oach steel had already been shipped to the job. The specifications — A aren 
(for riveted joints) called for a coat of amaigy on the contact surfaces, one — 


red lead coated surface under the washers of the bolts was removed by sand- 


_ One of the first questions to come up in the field checking of bolts was the me 


aci 
' a possibility that the bolts could be overtightened, as well as undertightened. _ 
in the As the truss chord connections, and others, are subject to reversal of load, _ ia 


and because of the importance of the bolted joints, it was agreed that every- - te 4 
thing possible would be done to insure against possible damage due to oer 
as well as the of 


| of plies connected is six. Units of 2 panel lengths were assembled and bolted => i 

il 
this cross beams, steel grid Mooring, and railing, Comprising the i 
nan second pass, were hoisted at the towers and erected in a balanced sequence ~ 4 = i ‘~~. 
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‘Test | runs were made on a number of bolts in a Skidmore-Wilhelm cali- 

brator. The ‘ 7/8" bolts used in this series were tightened to the required — na 
tension. Air pressure was adjusted by means of air line pressure regulators 
_ So that the required bolt tension was reached in 10 seconds. Torque readings 
were then made on each bolt for comparison with the tabular value. Chicago 
Pneumatic Model CP 610 impact wrenches were used. A set of new wrenches 

~ was procured by the contractor for use on high- strength bolts to insure uni- 
= - formity o of equipment. A number of tests on 1 new 7/8" bolts showed torque zr. 
readings | close to 400 Ib. ft. at the recommended bolt tension for calibrating 

_ of 37,000 lbs. Similar tests on new 1" bolts showed torque readings close to 
lb. ft. ata bolt tension of 49 lbs. Tabular values are 480 lb. ft. and 
710 lb. ft. for non-lubricated bolts. and nuts, The observed difference ob 


torque was considered due to the light oil film present on the nutsas 
: 7 With a stress area of 0. 4612. sq. in on 7/8" bolts, and 0.6051 sq. in. on 1" 
ae bolts, the tension of 37,000 lbs. on 7/8" bolts is equal to a stress of 80,225 
; ~*~. i. and i the tension of 49 of 49 1000 Ibs. or on 1" bolts is equal to a stress ess of 80, 978 § 
: et was found in the early stages of bolting that over 10% of the bolts in the 
- connections torqued over 600 Ib. ft. in the case of 7/8" bolts. — If ‘the torque 
i , 4 in the calibrator at 37,000 lbs. tension was correct at 400 lb. ft., a torque of 
600 lb. ft. would indicate that the bolt was stressed to about 120 ,000 p.s. i. or f 
= the minimum ultimate strength of 115,000 p.s.i. It is probable that the | 


ca 


lubrication failed, giving higher such stress was : 


| 
ats 
— 
: 


g. Bolted Splices at Top Chord of Stiffening Truss. 
f ber of tests by tightening to failure with an impact wrench showed © 7 
. that the ale would eventually strip. In no case did we find failure by break- % 
_ ing the bolts, or by stripping the bolt threads, Bei 
_ In order to observe the condition of the overtorqued bolts, a number of a 


1/8" bolts were removed, with torques ranging up to 600 lb. ft. ‘The bolts» 


,225 § nuts were checked for excessive looseness. No apparent damage was ob- | 
30,978 served. A second series of 18 1/8" bolts torquing over 600 lb. ft. was 


a. moved for examination. This group appeared representative of bolts above 
in the — 600 Ib. ft. (Table 1). Torques ranged from 640 Ib. ft. to 780 lb. ft. At 640 Ib. ; 
ft. some galling, and some polishing of the bolt threads was noted on some of 
= bolts. Some binding of either a new or an old nut was noted. At 680 Ib. ft. © 


slight damage to the crest of the bolt thread \ was noted « on one bolt. In most 


_ were checked with a thread gauge for stretch or buttressing of threads and the Be 
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. ew Fig. 3: _ Connection to Cable at the Center of Stiffening Truss. rn af 


| noted, generally m more in on a new or original nut wa was 


and difficulty in running on a new nut. At 780 lb. ft. one bolt showed no ap- 
parent damage and no trouble in running on a new or the original nut. a 
Tt appeared from the above that 600 lb. ft. torque was as high as could con- — = 
‘sistently be allowed without probability of damaging a wm i. 

- Since the ultimate failure by tightening ‘appeared to be caused by stripping 
the nut, the contractor proposed to salvage any 7/8" bolts which torqued 
above 600 lb. ft. as long as there was no visible le damage, oad a new salen 

_ Several objections to this course are aj apparent. Even though there is no i 
r visible damage, there is a possibility (1) that the bolt threads may be slightly ee 
_ buttressed, causing loss of contact area and excessive contact pressure on 
the threads of nut and bolt, (2) if the bolt has been stretched beyond a 
im, , the thread pitch is changed, resulting in excessive thread pressures _ 
and cumulative failure, (3) polishing, or the opposite action of galling the bolt 
threads, will throw the torque-tension relation completely off, or (4) the a - 
¢ character of the bolt steel may have been changed by work hardening ofthe | 
threads, with possible embrittlement, which might lead to failure. ae 5a 


pore to break some of the above samples ina testing machine; ‘and Professor 
Robert Brown of the Sault Branch of oo College of Mining and — , 


_ Six bolts on which the torque reading wa was from 640 to 780 Ib. ft. and on. ps 
which a new nut could be run without restraint, were selected for testing with 


“7 new nuts. . All of these bolts failed through stripping of the nut thread. Foal er a 
ultimate stress was quite variable, as expected, and in some cases was sur- 
prisingly } high, 139, 000 p.s. i, The lowest stress causing failure was: 1,500 = 


i The engineers concluded from the above that all 7/8" bolts w which torqued 
above 600 lb. ft. should be removed and rejected, and that torque exceeding — ei i 

ay 


1 lb. ‘ft. be cause for rejection of 1" bolts. both cases, the figure 
150% of the torque producing the recommended tension for ‘calibrating. — pee 

<< The procedure was set up to torque all bolts. Any bolts torquing below 
- 400 lb. ft. for 7/8" bolts, , and 700 lb. ft. for 1 1" bolts were tightened further - 

a partial turn of the nut with the torque wrench at the time of torquing. % — Mica | 
some cases, it was found that the torque would not come up on tightening, em. 
that failure had started, and such bolts ‘were > rejected. The nuts 


The tightening procedure outlined above was followed ¢ caring 1956. Re- 
jections came down to an estimated 3 to 4%. 
os _ The turn of the ‘nut method of tightening was tried, but consistent results 
were not obtained, possibly due to the large variation in number of plies, 
thickness of metal, stiffness of parts, and fit of the connections. 


o.3 In 1957, the principal bolting remaining ¥ was in the suspended spans. wy ae ise 
cor 


nsiderable amount of this was done on shore, where closer attention could aa 


Two new 7/8" bolts were picked as a control. There was a considerable 
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TESTS ON HIGH-STRENGTH BOLTS goal 7 


At of ‘Michigan of Mining and 22, 1956 
 Qvertorqued 7/8" Bolts Removed fran Truss Connections 


Old nut has slight bin 


Yes No a No visible damage 60,750 131,800 of 
Yes No visible damage = 650 129, 000 
© visible damage 
No No visible damage 1350 | 83, 000 


No Crest of threads damaged 


| No Crest of threads damaged 
No st thread hit, damaged 


680 Yes Yes_ No visible damage 139,000 


‘1/3 of lst thread 


New Bolt 60,150 130 
‘Loading Rate 5, 35 Crosshead, no load, 1/10" per min, 


ss Overtorqued bolts, with new nuts, all failed by stripping | of nut. cin 


(7 (7/8"): load - baie od? 
Accepted Torque: Ib. Ft. 
Hardness Tests on Bolts ‘Huts for Test 


‘Bolt Hardness = Haine lainey 


Brinne 


—— | 
3 and refer to or aot the old mut, or a new nut, 


can be run onto the overtorqued bolt by hand. bolivers oe. 


640 No- No 
640 #No Yes No visible damage 


Crosshead, no load, 1" per 
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B New bolts and nuts Normal follure 
7 
in testing Ultimate varied from 71,500 psi 
New bolts ultimate 104,900psi to 130,500psi_ 


Plate 1: Bolts Tested to Failure in 
,e paid to the bolting, both by the contractor and inspectors. ss A trial was 
of bolting with uncontrolled wrenches, depending mainly on the feel of. 
_ the wrench. _ This proved to be satisfactory and to give about the same results 
percentage-wise as tightening with calibrated and controlled wrenches. Ap- 
proval of bolting with uncontrolled | wrenches was given in order to expedite _ 
z : the bolting. Torquing of all bolts was continued, with the exception of the _ 
bolts in the floor system which in general were <cqmeaial only and were not 


_ It was hoped that torquing could be considerably reduced in line with wan 


ported experience on other jobs - While the percentage of cut-outs was low, _ 
_ the occurrence was not uniform. Torquing was continued, both to detect over- 


torqued bolts and to make the final tightening on undertorqued bolts. 
— few : other difficulties, for the most part rarely occurring, will be de- - 


Plate 3, all 1" bolts: Bolt #1 ‘torqued at 650 Ib. ft. i. tightening 1/2 turn 
additional with the torque wrench the torque did not increase. On removal, — 
bolt was found stretched » which is apparent. ‘Bolts #2 vand 3 torqued over 
. ,050 lb. ft. On removal, they were found to have badly buttressed threads. _ . 
eo damage to the threads was caused by running the nut off. Bolt#4 q 
was removed from a misaligned hole. The threads were dauieaed by being a 
pulled through the hole and the bolt would not. develop the required torque —_ 
_ when the head was held while torquing. _ Further thread id damage was caused by — € 
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Pla Plate 2: 2: ee Bolts Tested to Failure to Determine Effect of Piping ~ 


Fissures on Bolt Heads. Failure Normal 


Fey i 4: E Bolt #1, 7/8", was fitted with a rusty nut. The bolt turned when — 
torqued. When the head was held with a wrench the torque was within allowa 
ble limits (400-600 Ib. ft). _ Stripping occurred as the nut was run off with the — F 
impact wrench, ‘This case occurred very rarely and was prevented by 
the use of nuts or bolts. Bolt #2, 1" , would not reach required 


it 


Torque did ‘not ir inc rease with 
Bolt found stretchec 


torque w when bot was held with wrench. 
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qued. 


the head wos held with @ wrench: 
allowable limits. Stripping occurred as the nut ‘was run 
Would not reach required torque with torque wrench, 


4 


reapplied, completing stripping of threads. 
3 Bolt torqued 800 Specified limit 400- ‘Note stretch 
ued at | at 


torque with a a torque indicating that the bolt was already a 
g stressed. An impact wrench was re- applied completing the stripping of eaten 
_ threads. - Bolt # 3, , 7/8", torqued at 800 lb. ft. and was removed. Stretch and © 


overstressed on original tightening. impact v wrench wos 


Plate 5, both 1" Bolte: Bolt #1 extended through a structural channel re- “ 


quiring a bevel washer. The bevel washer turned under the nut during tighten- 


ing, ‘causing the bolt to bend. _ ‘This effect can be found by observation of the __ 
bolt in the connection. Bolt #2 was a soft bolt, included with a shipment of 7 
re- 
would have passed, except that torquing disclosed that the bolt would 
_ not develop the required torque. A further check of the bolt stock disclosed pe - 
keg of soft bolts which were discarded. 


oe The instances of failures illustrate the need for thorough inspection by la. 
2 engineer and careful attention to workmanship on the part of the contractor — Be 
- order to produce : a satisfactory bolted job. It should be pointed out that re- 
_— Jections were rare, probably much less than with a carefully inspected riveted _ 
_ job; and that no instances have been found of bolt failures after the points 
ae ‘The following conclusions have been formed by the writer: Considerably _ 
; _ more time must be spent on bolt inspection than on rivet inspection both by 
the engineer and the contractor’s forces. There is a definite need for hy 
an upper limit t on allowable torque as well as a lower limit. It has been — ae ate 
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wih. shioment of H. Ss. Bolts 


5: Dlustration of Bolts. 


‘established that there is is a definite possibility of damaging over-_ 


torquing. The trend toward bolting will continue in view of the excellent rer 


all results, and the better production possible with bolts, also tools and nin 


methods will be improved so that inspection time can be reduced. 
_ There is reason for confidence that continued inspection of the Mackinac ort 


ton 


Bridge will ‘prove that high-: strength bolting is completely satisfactory, : as 
well as an expeditious method of making connections on heavy truss ‘aig ne) 
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APPLICATION OF AASHO SPECIFICATIONS TO BRIDGE 
Closure by Eric L. Erickson and Neil Van Eenam 
‘ERICKSON! and NEIL VAN EENAM. discussion has added 
_ greatly to the value of this paper and the authors wish to cc sad this opportunity 
thank those who have contributed inthis manner. 
i Mr. Archibald has supplied the historical background ie ‘tie’ axle loads 
used in the design of floor slabs. This information is greatly appreciated. _ 


_ With regard to Article 3.6.5, we realize the necessity of making provision for a 


reversals of stress which may occur in members when they are subjected to 4 
live load overstresses. The present article provides that when the live load wy 
- increased by 50 per cent produces live load stresses greater than and wk 
_ opposite sign to the dead load stresses, counters or compression ‘members _ _ 
shall be used. But the article does not specify the unit stresses which will be 
permitted in the design of the counters or compression members. Thatis 
our principal criticism. It seems that an increase of 25 per cent in the ee 
lowable unit stresses should be satisfactory in this case. 7 “In regard to Article 
3.6.9, the wisdom of one provision was questioned. ‘Under this provision, the 
area of a any portion of a compression member may be neglected in 1 determin- — 
ing the radius of gyration and the effective area. The sole purpose of Article 
3. 6. 9 is to insure | that compression | members: will have sufficient rigidity | to “el 


forces. Maximum permissible values of the slenderness ratio L/r are speci- 
| “fied which are considered adequate to meet this requirement. ‘The provision 
"which we questioned is used to defeat the purpose. . It is always possible | “gl 
compute a value of the radius of gyration greater than the real value by neg- 
ae areas of the cross section which lie close to the axis. These =. 


“in the Seventh Edition (1957) of the General Specifications. Risin 


Professor Wright has called attention to two important The 
_ is the use of a “balanced design” in which fairly high unit stresses are permit- 


ot for dead load and relatively low unit stresses for live load and impact. — oa, 


Chf. , Bridges and Tunnels Div. , Bureau of Roads, Dept. of 


9 
— 
= 
2 
i 
7 | 
3 7 &§ 
at 
7 
— 
to use fictitious values in order to justify the use of sections 
9 J _ Which in reality fail to meet the requirements. 
— Professor Sawyer has called attention to an error in the “Formulas for | a 4 | 0 | 

— Steel Columns” of Appendix B. This error was called to the attention ofthe 
1 
— 


The Committee and the AASHO has been giving c con- 


sideration to the adoption of a “balanced design” procedure for some time, ‘ 
i, but no definite recommendations have been made. As Professor Wright points 
out, the treatment of design live loads in the AASHO Specifications is un-— — 
7 necessarily complicated. A real effort is being made to study and to simplify 
Article 3.2. o—Highway Loadings, and it is expected th: that 
be made alongthese lines, 

‘Messrs. Fiore and Kuesel have raised several points. The! first concerns 
“the application of the impact allowance. Article 3.2.12— —Impact, establishes 
two classifications, Group A and Group B. _ Impact is to be added to the items — 

of Group A, but not to those of Group B. The top struts of concrete framed _ 
Piers and also the columns “yollows belong i in n Group AL ‘The footings, on n the 


given for the purpose of erousahion uniformity in defining the loaded ed length | . 1 
“aul In regard 1 to Section | 5, the AASHO Specifications cover unit stresses in ar 

_ carbon steel, silicon steel, nickel steel and the ASTM A-242 steels. 7" Since ui” 
a _ silicon steel and nickel steel are no longer used to any great extent in bridge 
~ _ construction, } Messrs. Fiore and Kuesel seem to imply that unit | stresses and ; 
other matters” pertaining to design of silicon steel and nickel steel petages:, 
might well be deleted from the specifications. Some States, however, » COn- — fa 
tinue to use a limited amount of silicon steel. There are a also humerous ovr 
Silicon steel | bridges and some of nickel steel, which are > rendering excellent 
_ service. These must be regularly inspected and rated according to Section — 
(12, Articles 3.12.1 to 3.12.13, inclusive. It would therefore be unwise to omit 3 


information from the specifications at the present time. ‘Itis true 


T-1 and other special alloy steels have recently been used in particular — aie 4 
structures, but since they have not been generally adopted, they do not as yet 


‘ warrant inclusion. We agree that a general discussion of the factors to be 5] 


is... onsidered in the use of alloy steels would be a valuable addition. A dis- a 


eo ssion of live e loads’ for for long- -Span- bridges is, however, beyond the scope of 
treatment of long columns and of eccentrically loaded columns in Appendix E B 
is not as complete as it should suggestions submitted by h Messrs. 
‘ak 
Fiore and Kuesel are therefore appreciated. bre 
i _ In regard to Article 3.6.75, the specifications limit the permissible intensi- 
ty of diagonal tension in web plates. In some cases, , this determines their 
thickness. However, the ratios of thickness to depth given in n Article 3.6.75 
ae are concerned primarily with the compression side of the web plate. They | 
were derived by the theory of elastic stability as developed by Timoshenko(1! 11) 
Bog and by Bleich,(13) and they insure that the web plates will have | stability to _ 
resist buckling from compression due to maximum bending 
and maximum shear occur simultaneously, as they do near the intermediate 
a supports of continuous girders and near the ‘supports. of cantilevers, the de-- 
termination of the | necessary web plate thickness to resist buckling becomes 7 
bee very laborious, involving long and tedious cut- and-try methods. In order to % 
avoid the necessity of making some computations, the. AASHO Specifications 
bg make a reasonable allowance for the effect of the shearing stresses. This — _ 
done only after the had been studied, and the : allowance 
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in regard to ‘the of intermediate. the AASHO | 


fformula of Article 3.6.80 is a rather rough approximation of the theoretical 


treatment developed by Timoshenko(11) and by Bleich. (13) It has the ad- 


md 


vantage of being simple and easily y applied. formula developed by 
inthe March 12, 1931, issue of Engineering News-Record is a closer approxi- ' 
mation and is superior int that respect. . The AASHO formula is based on ag 

safety factor of 1.83 and it also makes a small allowance for the fact that the — 

jactual shearing stresses in the webs of plate girders always exceed the aver r- 

jage Shearing stresses. In spite of their differences, it is believed that ifa 


safety factor of 1.83 is used in Hovey’ s formula, the two will yield — 

_ Messrs. Fiore and Kuesel are correct in their hideiinal that welding of 
alloy steels is not to be undertaken without special consideration of the ~ ae 
electrodes and techniques required for the specific alloys and cc conditions to ite 
be encountered. The suitability of the chemical composition for the wai 
process, under the given conditions, should be based upon evidence acceptable — 

_ Regarding Section 9— —Composite Action, there are differences of opinion 

1s to whether or not | composite | action should be counted “upon in the negative ie 


opportunity to observe differences in the behavior of continuous Bcnerng = a 
structures with and without shear connectors over the negative moment - 


“sa § 


_ The authors are deeply grateful to Mr. David for his thorough discussion 

of concretes with coefficients of thermal expansion and contraction differing © 
from that of steel, including the subject of concretes with expansive charac- 
teristics. Mr. David refers in particular to composite construction. . When | a : 
composite beam consisting of a steel girder and a concrete slab whose coef- 
ficient of thermal expansion is less than that of steel undergoes a change in 


_ Jtemperature, the steel girder tends to change length by a greater amount than | 


does the concrete slab. In order for the change in length of the slab to “gl _ 
the change in length of the girder at their surface of contact, , the slab must © 
restrain the girder. This restraint is in the form of a shear force and a - " 
moment acting at the ends of the slab and the girder. _ The moment is al 


4 : by direct forces between the slab and the girder. The magnitude of the shear 


force and moment are determined from the requirements of compatibility of — 


, | length changes and curvatures of the two components. As Mr. David points 
Jout, one compatibility requirement is that the curvature of the concrete equal 

the curvature of the steel. The other requirement is that the unit change in a - 

Jilength of the concrete and the steel be equal at their surface of contact. It — 

-f should be noted in the illustrative examples that the bending moment and the 


shear force are independent of the length of the member. A eee eet 

7] Mr. Perrin’s discussion of the wind load provisions is s pertinent and infor-— a 
mative. It should be noted that the pressure of 35 lbs. per sq. ft. shown on | 


~Pthe wind pressure map to v which he refers was computed for a “fastest il 


7 fof wind of about 80 miles p per hour and for a shape e factor of 1.3 intended to 


apply to buildings. The tests described in Mr. Perrin’s reference (3) were fae . 
J made for the purpose of determining the transverse, longitudinal, and over- 


turning wind forces to be used in the AASHO Specifications. By design, they 


included trusses of different solidity ratios representative of highway All —- 
The increased drag in the case of multit russ bridges: varies with the amount a 
of shielding is by the truss spacing. It w: was ‘not considered 
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Where Mr. Perrin refers to coefficient for “round numbers’ } 
he probably means “round members.” 
= the present time there is very little 2 information c concerning ig the « distri- . 
bution of wheel loads through concrete slabs to prestressed concrete beams. . 7 
Until more data are available, the distribution to steel stringers and beams [| 
is assumed to apply to prestressed beams also. § 
We are aware of the merits of the grid system floor, but the lengthy de- 7. 7 
sign computations which are necessary are a serious disadvantage to its a 
adoption. We agree that deep diaphragms are effective in promoting load 
_ distribution and in preventing vibration. Mr. Nelic 
A Mr. Perrin’ s comments in regard to expansive characteristics of concrete Mr. Si 
are a sil bide the re and they corroborate Mr. David’s statements. a number o 
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NALYSIS OF BRACED me 


4 

H. “ASCE.—The usher thanks Mr. ‘Siegfried and 
te Siegfried’s formulation of distribution factors not only reduces the 


number of factors for an interior joint from nine to three, but also, by rewrit- — 
ing them in the following fashion, enables all unknowns to be expressed in eT 


zx 


x! 


‘Int these formulas all are expressed in terms of their 
fective moment Py: an about Pin Mr. figure). 

The sum of the distribution factors ata = =1 


carry-over factors are dimensionless ratios. 
“Mr. Nelidov’ s solution, ‘similar to the proposed general approach, illus- 


trates one of the variations to which the method may | be subjected, depending» 
on the analyst’s preference. Contrary to Mr. Nelidov’s closing remark “i 
| cerning the length of his solution, ‘it is believed that with suitable tabulation — 
and use’ of formulas such as those employed in the original calculation, the e 
amount of time spent for the two versions might be comparable in the case css 
the single span frame. The original method d might be preferred |! sal the analy- — 
Another type of analysis for braced structures has’ been by 
Professor Seng-Lip See in “Civil Engineering”, September 1958, p. 64. 2G 
_ The method has in t the meantime been extended to the solution of | multi- a 
story | braced frames with continuous columns, and the following example indi-| ne), 
cates the effects of continuity of the columns. The ee story is identical a ig 
a Proc. Paper 1560, March, 1958, by Kurt H. Gerstle. 
1. Prof. of Civ. Eng., , Univ. of Colorado, Boulder, Colo. 
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with the previously that the importance of column continuity. 
may be evaluated by comparing results. _ The modification of Mr. saan vs 
method suggested by Eq. (4) will be followed. 
ron The beam constants are evaluated considering the members | fixed - the 
‘intermediate joints B and C. Carry over factors relate the effects of end 
moments and moments due to brace forces. Fixed Support Moments express _ 
the effect of the applied loads in terms of the Fixed Support Forces (explained e 
in the original paper) times their lever arm about the joint. _ Two kinds a?’ 

_ distributions are to be considered: ‘First, the distribution of the he orion 
moments due to brace forces (denoted “Bp” in the tabular solution); the Biv, ~ 
_ distribution factors for the operation are calculated according to Eq. (4). 

‘Secondly, the distribution of the unbalanced column end moments" at Joints B 

and C in proportion to the rotational stiffnesses; this operation is denoted by 


me * in the solution. The two 0 types of distributions are performed as re- 


7 ua distributions for the two degrees of sway, and the solution of two ee 
shear conditions are required to complete | the analysis. These 
are entirely analogous to the preceeding work. ‘Ser : 
_ The results of this problem may be compared to the results of the a As 
story frame analysis (neglecting side sway). The similarity of forces and "= 
_ moments in both solutions suggest that it might be ee to neglect the ef- 
= of column continuity in analyses. 
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oan marks a milestone in n engineering . It gives valuable quanti- 
tative information about the influence of characteristics such as stiffness and 
damping on the seismic > response of t tall buildings. 2 More important, it shows — 
gives | 
qualitative pictures of shear distributions in diverse types of buildings. And © > 


it points out most of the important variables in aseismic design. = 
_The following comments should be construed as suggestions for future 


search rather than criticisms of the paper. 
it is true that reliaiue designs can be obtained by subjecting an idealized Ps 
_ structure to one or several records of actual earthquakes. The method Ses i> 


: however, | more expensive and time-consuming than a dynamic analysis to 


_ compute the first few natural modes of vibration, followed by a combination on v¢ 
of the stresses in these natural modes. And if the procedure for combining “ 

the natural modes is based on a probabilistic study that extrapolates to small 
probabilities of failure under the action of the universe of possible earth- bs 
quakes, it will be ‘more reliable than the analysis | based on responses tc to lors! ¥ 

: small number of earthquakes. Nevertheless the writer hesitates to recom- 

_ mend the available probabilistic methods, such as the assumption that, for ee “a 
- small probabilities of failure, design stresses — equal the square root of 

the sum of squared responses in the natural modes:(1,2 2) there is yet insuf- 
ficient substantiation of the theory; some are that it may be 

Satisfactory, whereas others(4) cast doubts on its adequacy. 
: Efforts intended to improve probabilistic theories of aseismic design — 


h 


therefore worthwhile. _ Particularly so because for more refined assumptions, 
say including ground coupling or considering explicitly more than one — 
ponent of earthquakes, analyses will become much more complex, and some a . 
simplicity is saved by ‘computing natural modes rather than seismic 
Y _ In the question of inelastic behavior, the writer agrees fully with = ~~ 
; Mr. Blume’s advocation of elastic analysis to predict structural behavior ioe: 
under minor to moderate shocks, plus allowance for inelastic energy 
_ sorption under severe motions. Yet, there is at present no reliable method to 
; “i _ make that allowance. The best that can be done is to design for stresses ee: 
= are smaller than, and proportional to those which would ag once 2 


— 
Discussions by Emili | 
— 
4 
4 
| 


good reason ina multistory building the shear d distribution 
proportional to one based on the assumption of elastic behavior, for ifa few 
stories were underdesigned, or the rest overdesigned, those few stories _ a 
would be > overly ta taxed in energy absorption. ‘Butt there is no reason n to ai assume 
. that underdesign of some frames, if the rest are ‘sufficiently ductile, would 
| + ae result in a better structural performance under a wide range of earth- aa 
_ quake intensities than an elastic distribution, aside from resulting i in ser 
‘Inelastic magnification of dynamic torsion is one phenomenon about which yh 
; as far as the writer is aware, nothing is known except that it may be im- 

‘These considerations point out the immediate need for research of i 

_ elastic behavior of multistory buildings. But there is a stronger reason for 


‘this need. x Differences in energy absorption capacity of various systems (un- 
_ aided frames vs. X- braced frames vs. shear wane; etc. ) are at present either 


ea reached where explicit consideration of energy absorption capacity, pia mt 
at coupled with a design based on drift limitations, will supplant stress compu- 
_ tations. But a great deal more research is due before the time becomes ripe 
_ The author recommends high working stresses associated with the ad- sales 
_ mittance of high seismic forces. This tendency was followed in the 1957 re- 
_ vision of Mexico’s Federal District Building Code(5) (although it is now gener- 
ally felt that coefficients specified are too high for typical framed buildings). _ 
Doubtless the practice leads to a more uniform factor of safety and a better 
balanced design than the usual 1/3 increase in working stresses and the as- Se 
sumption of not more than moderate earthquake intensities, and should be > all 
advocated. But not without a word of caution concerning reductions in over- ry 
turning moment. The fact that many structures have resisted apparently = 
& irresistible overturning moments is surely due in some measure to the re- __ 
_ serve of their columns to resist high compressive forces, and this reserve 
comes largely from the use of low working stresses in static load and small _ 
n increases for combined loading. In the use of high coefficients and ma - 
; reductions of overturning moments should be more conservative than in con- t 
a ventional practice. Indeed, allowable reductions in overturning moment were . 
purposely left unspecified in the revision of the Federal District Code, for it — 


_ was felt that the matter deserved considerable study, especially because 


ditions led to i proportionally greater response in the fundamental thanin 
— The problem of overturning moment reduction is more acute when results _ 
of dynamic analyses are preferred to static methods. Inthe latter the shear | 

_ envelope, if correct for certain stories, is almost surely conservative for the 
ted and the overturning moment computed is also conservative (aside from ue gq 


- desig based on dynamic analysis, all the shears may be essentially correct ri 
_— (ogain ignoring the unlikelihood of simultaneous occurrence), and the computed _ 
overturn moment not quite so conservative. _ It would be interesting.to ner 4 
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author’ s assumed load-deformation curves for brick walls and 


partitions contradict some available data, which indicate a fairly flat portion a 


after reaching the ultimate load. (6) Admittedly this part of load-deflection 
curves for walls must be very sensitive to the manner in which the wall is a 
‘connected to the frame but this fact merely points out the need for considera- a a 

ble research. The energy absorbing capacity of walls and partitions with i 
flat portion in the load-deflection diagram is especially op agrtin in the a 
plateau scheme proposed by the author. lo weiter 
In brief, without detracting from the paper’s exceptional value, the wr writer ad 
“believes probabilistic methods more promising than analyses based on re- 7 

_ sponses to a short number of earthquakes. He e also believes that a practice — z 1 
"more conservative than is usually accepted ‘must be followed with respect to. 
_ overturning moments when using the author’s proposed criteria of design. _ 

Agreeing with the author’s call for consideration of energy absorption be- o, 

yond the elastic limit, the writer feels there is no rational way to make that 
“allowance. Research is urgently needed in this connection. 

_ The author’s load- deflection curves for walls and partitions may be __ its 

correct under some ‘conditions. But sometimes they may grossly under- — 

estimate the energy absorbing capacity of these elements. This is one of the - 
“many pressing problems of aseismic design meriting intensive research. It 
pe be valuable for the profession to learn the author’s views on these a 

— questions as well as on other important matters which he either omits in his a 
paper or barely touches upon, for example, accidental torsion, ground 


coupling, and the combined effects of the six earthquake components (three 


oodman 


, Rosenblueth, z.. and Newmark, N. M., 
-Aseismic Design of Firmly ‘Founded Structures”, 


a Rosenblueth, E., “Some Applications of Probability Theory in Aseismic ae 


oh Design”, Chapter 8, Proc. World Conf. on Earthquake Engineering, June De, 
-:1956, ‘EER.I, Room 1029, 465 California St., , S. F. Calif. ¢ 


3. ‘Tung, T. T. P. and Newmark, N. M., “Shears in a Tall Building Subjected to ma 

4. - Bustamente, and Veletsos, A. study of buildings. 
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R. and Williams, H. A ., “The Behavior of One-Story Brick 
_ Shear Walls”, Proc. ASCE, Vol. 84, No. ST4 (July 1958) Part 1, paper ae 
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@. M. J. MURPHY, lR R. SKINNER, and K. M. ADAMS. *—The analysis ¢ of 
the 15-storey Alexander building does much to explain the difference in —S 


absorption characteristics have: been ignored. This difference has been. 
_ stumbling block for some time and has led many engineers to take a cautious ~ 
view of dynamic theory in general. if one accepts the author’s explanation for 
the real source of seismic strength in a traditional building (and the evidenc 4 
seems to us to be incontrovertible) it becomes necessary to take a huneseelllll 4 


If the ‘structural engineer can state the floor 1 masses 
_ stiffnesses correctly, dynamic analysis can provide the interstorey shears | 
a dependent on only one variable—the damping. It has been customary to as-_ 4 
- gume 10 - 20% viscous damping as a realistic figure. But where in nature 

_ does viscous damping come from? Air damping would seem to be the only © 
thing which is truly viscous but unfortunately negligible. ‘The internal viscous 
: damping of materials which has been postulated is very small indeed. Let us 


_ try to list all possible sources of energy loss which may fairly be described — 
as not resulting in architectural damage. 


bs Actual loss of energy through m movement of the soil is possible but it seems 
unlikely to be large. _ Where a building is supported on long piles, however, 
the upper ends of these piles must move through the soil. This could well + 
: _ provide significant damping but as yet just how much remains to be assessed. 
The static ic bearing ¢ of soils have been examine as 
— Be yet no dynamic data are available. Even if soils showed a readiness to yield 
under dynamic loads, few engineers would care to : appeal to this source of 
~ _ energy absorption, postulating as it does the possibility of unequal settlement. 
Loss of by Radiation into the Ground 


Normally there isa large discontinuity in the to -wave 


"propagation at the base of a building. Hence, whenever the base of the buildir 
is small compared to the wavelength in the surrounding material, little  radi- 


if Below yield point, steel has has some, but 
nothing as as large as 10% ‘damping | 


‘This represents a major possibility for energy absorption whether the 


ram e is of steel or reinforced concrete and this Section has recently 
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su the an initial enquiry into the amounts of yield to 


Bone with different building periods and different levels of yield force. __ . &§ 
If, as Mr. Blume and the authors think, yield represents a major source of ih a 
seismic strength, it is as well to note at this stage that prestressed concrete, ib 
at the present stage of development, has virtually no yield at all, and its OF) 1 
indiscriminate use in seismic areas is, to say the least, suspect. The subject — 
_of yield has only been touched on so far and there are em es ye 
data available to to provide a basis for for a design procedure. 


The possibility of providing quite large f friction damping ina a modern oe 
= ing has been brought to our attention by Dr. B. H. Falconer, Consulting Engi-- 
-neer, Wellington, New Zealand. Interior walls and weather cladding, which =. 
i modern practice requires should be free of the fr frame, could well be be attached — 
a by means of friction clamps arranged to slip ata value below that which would | 
: cause architectural damage. It would also be possible to provide some really © 


= 
healthy damping at the bottom of the building 


’ a Reviewing the position pn the traditional building « owes its good s seismic 

_ reputation to the strength and energy absorption characteristics at failure of 
- the masonry panels and architectural features. The modern structure is 

_ either eliminating these features or attaching them to the frame in such mee" 
~ manner that architectural damage is not sustained. In short, the design has 

_ become so clean that the basic assumptions of dynamic analysis are a. 
and the answers (showing very high shears even at 20% damping) are a + 


tt becomes a matter of some ur enc then bead examine a 


_ (a) The amount of damping that can be amniaad from piled foundations. __ 
_ (b) The amount of damping that can be built in with friction panels. | fz 
(c) The amount of yield that can be allowed between stories and still leave a ef 
Euler stability in the columns and services unimpaired. * 
_ (d) To make a dynamic analysis of the design features from (a), (b) and (c) 
: a and see that the designed building, within the limits of its known proper- 
ties, is capable of surviving an earthquake. 


Mr. Blume makes short reference to bearing-wall structures ; which deflect 


not in Shear but in n bending. is a point that worries u us as we yet 
able to analyse them and there are many quite tall ones in New Zealand (up - 
10 stories). _ They are inherently stronger than frame structures but unfortu- 

_ nately it is not possible to postulate yield damping ee ee a 


was understood to be one of dynamics, the approach w was nevertheless a 
_rily one of statics with special details incorporated to obtain a reasonable 
earthquake resistant structure. i$ In other words, it might be said that earth- | 
quake resistant design at that time wa was in most instances more of oa 1 art than ; 
Chf. Fabricated Steel Construction, Bethlehem Pacific Coast Steel 
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In the ‘1940's e research studies brought about a change 
’ in thinking, and a pseudo dynamic design approach came into being. An excel- 
7 lent paper on the earthquake problem prior to 1952 is that of Lateral Forces — 
of Earthquakes and Wind. (1) The practical application of design from about Rise’ . 

— 1940 until 1952 stimulated further important research on the dynamic aspects | 
; . of the earthquake problem. Thus, today those who are familiar with the re- 
do ‘search work may consider earthquake resistant design as much a science as _ 
‘The paper by Mr. Blume not only contributes to the theory, butalsoina 


a most enlightening manner develops important factors of the art of earthquake — 
resistant design. The manner in which this subject matter is developed —_ ae 
_ makes it a most important paper and one which should be studied very careful- 
ly by those who desire to have a better sae into the subject of earthquake — 
ae _ The area in which an earthquake occurs s will still continue to be a huge tah 
_ laboratory for the investigation of the effects of earthquake shock. A study of 
: Mr. Blume’s paper is such that an observer can readily avoid the pitfall of ad 
drawing intuitive conclusions and being influenced by repeated statements 
= have become cloaked with authority. 
_ About the time that Mr. Blume was presenting his paper, the writer was” = 
La also presenting a paper(2) on the Mexico earthquake of July, 1957. Mr. Blume 
- states, “Fora structure or a member to withstand violent abuse such as the 
iz or the ‘military, ‘be able to take it’; : it. must be tough, and it must be well tie “” 
together, to act as and to remaina ‘unit. Toughness implies the ability to 
absorb punishment and still retain integrity and resistance against aa vagaal 
aed punishment. ’ The writer in his paper wrote, “This type of constructionis 
- similar in one respect to the reactions of football players. The All- American 


q 
q 


7 injury; ; however, the player who stiffens up stands | a 1 good chance of being oT 
- cracked up.” "Putting the two statements together, it would seem that a good 
. a: structure, like a good athlete, should, as necessary, be capable of Heer with 


but rather two designs in order to achieve an economical and sound structure. 4 
_ The energy absorption of stiff or rigid elements at low strains may involve _ 
_ other problems in considering the overall design. Variable stiffness | result- , 
#2 ing from construction differences, temperature changes, , etc. may result in — 

. _ torsional effects. The complete lateral force resisting structural frame ie. 
this case is of extreme value, as it represents many stress paths to take up 
torsional effects and the vibrations resulting from a strong shock. ~~ 

The formula for Ky (analog) on page 22 is obviously a typcguagitont error, 
and one of the x’s in all probability should be a plus sign. 
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Discussion by C. Scruton 


7 _C. SCRUTON. 1.1—Civil engineers s will welcome the efforts of the ASCE Com- 7 
mittee on Wind Forces to correlate and summarise existing data relating to a. 
_wind effects on structures. Most of the information comes from wind- -tunnel 
_ Studies reported from many sources, often from ad hoc rather than system-_ a 
atic investigations, and the task of collating this information and preparing a 


simple code of practice to adequately cover the diversity of structural types 


4 


Vix, 


S: INTRODUCTION AND HISTORY@ — 
| WIND FORCES ON STRUCTURES: INTROL A 
— 
a Proc. Paper 1707, July, 1958, by J. M. Biggs. 
| Aerodynamics Div.., National Physical Lab., Middlesex, England 
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Discussions by Herbert ert S. Saffir, Ww. C. Bunting, 


Gentry, A. G. Henri Perrin and C. Scruton 


HERBERT S. SAF FIR ASCE. — appears to be no basis | to support 
r Sherlock’s comments that a decreasing pressure and velocity gradient 


im increasing height should ih used for tropical hurricanes of over 130 


The ‘consensus seems to be: that wind velocity | in hurricanes (2s well 


tropical storms) increases from the surface up to about 3,000 feet; for 
the next several thousand feet hurricane winds show very little change; . 
throughout the upper layers of the vortex there is a rapid decrease with ele- be 
vation, and with heights of 40,000 feet or so, the cyclone often can not be de- 
tected. Possibly the wind data to to which the author referred pertained | to 
- high elevation and not to to the lower lower levels levels in which the structural engineers a 4 
R. SCHRIEVER.*¢ 2_ Circular 2606 of the Meteorological ka 
- Division the wind speeds on the night of October 15 and 16, 1954 were high but 
- not record breaking. _ In general the highest speeds were observed to the east PY 
: of the path of the storm centre; that is, from Toronto along the north shore a 
of Lake Ontario and east of Ottawa. The greatest wind speeds were reported © 
4 near Toronto where the centre of the storm passed just to the east of Malton 
Airport. _ Malton Airport reported a maximum hourly mileage of 54 with a mer 
maximum one minute wind of 58 mph (direction West SouthWest) and a maxi- 
_ mum gust of 78 mph. _ These are the highest speeds reported for Hurricane h 


_ Hazel in Ontario. As far as I know no information on the increase of velocity 


een surface winds in hurricanes there is most likely a similar oe 
a as in extra- tropical cyclones, that is, , an inc rease in speed with height up = 
to the gradient level. One explanation for the discrepancy shown in the tables - 
vin the writer’s paper in Weatherwise is that the computed maximum gradient ae 
_ winds were obtained from averaging data over 10- to 15-minute intervals so _ 
“§ “that it would be improper to compare observed 1-minute maximum winds with — 7 
com computed 15-minute maximum winds. Naturally, the longer-time- 


a. Proc. Paper 1708, ‘July, by Robert H. Sherlock. 
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winds will ; always show deer speeds than the shorter-time 
average winds. This can be seen from the data in my paper where in two i 

p re hurricanes the 11-minute maximum surface winds are given as 155 and 153 © 4 
mph whereas the same storms show the 5-minute maximum surface wind to 
be 121 and 132 mph respectively. If this were further extrapolated to a 10- 
or 15-minute interval it can be seen that the maximum surface winds would» 
be reduced to something less than the maximum computed gradient winds of — % } 
— (102 and 99 mph for the same two storms. On the average t though, there would | 
* not be a great deal of difference at coastal locations between the maximum ail 
average surface winds and the maximum average gradient winds if both were | 


taken over the same time interval. This is due to the fact that there is only _ | 


= a small amount of frictional e effect present over the open sea ea and other factors 
[s which would cause a difference are considered to be negligible i in the high 


The 1- ‘minute average » surface winds given in the table in the writer’s | ru 


a would be considerably influenced by peak-gusts during the short time — = | 


interval. There has been evidence that these gusts at surface levels are due ; 
mainly to. bubbles of air brought down by turbulence from rapidly moving al 
layers at some higher levels, - Although these bubbles most likely originate in 
the frictional level (i.e. below | the gradient level), it is generally believed that 
their origin is high « enough and the loss of f momentum small enough t that bee 
— gust speeds will essentially be about the same as the gradient wind speeds. ad 
a Hence, the peak gusts measured at the surface levels may, without eee. 
error, be considered the same as the gradient winds. 
There is another strong wind which Mr. Sherlock does not mention that the 
writer would like to see included. This is the so-called “first gust” associat- 


ed with most all thunderstorms. _ The writer has seen these winds reach 


speeds ‘up to 70 mph ; and they may certainly cause considerable damage 


flimsy structures. They are, of course, of only short duration but their 
suddenness of appearance may sometimes make them dangerous. Va 
a hurricanes there is another type of wind called a “plow wind” similar to 
_ the first gusts in thunderstorms that has caused a great deal of damage during 
hurricanes. In Florida there are also tornadoes often associated with hurri- | 
< canes that have caused great destruction to buildings in some of the Great 


Of special interest is the Hydrometeorological Report | No. 32 
i Characteristics of United States Hurricanes Pertinent to Levee Design for 
i Lake Okeechobee, Florida issued in March 1954 by the Weather Bureau. 


paper. Il and IV are especially pertinent to this work, 


<— R. CECIL GENTRY. 1_The f following discussion represents ‘the | personal ui 
opinion of the writer and not the official viewpoint of the Weather Bureau. ohm 
Professor Sherlock has prepared an excellent well written paper which 
contains a lot of good information on winds. However in the section dealing — a 


a with the variation of wind velocity ° with height | below 1500 feet in hurricanes — 


Hurricanes which have passed over the state. 


a was from this report that the calculated tabular data was obtained for tiny 4 
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— Acting Director, National Palm Beach, Fla. 


speed 1 must increase in height from the surface of the earth up to a level ee 
He - aw the influence of surface frictional dra ags become relatively negligible. — 
Unfortunately there are very little actual aa that can be used to determine _ : 
_the variation of wind with height for the lower layers in the area of crongest 
winds. _ There is supporting evidence, however. The winds measured by _ 
instruments on the tower at Brookhaven during the passage > of hurricanes Te 
Edna and Carol showed winds increasing with height. Winds measured at © 
_rawin stations near the area of hurricane force winds usually show speeds it in- 
creasing w with height for the first 500 to 1000 feet. 
_est winds measured when a hurricane crossed the coastline were eiainied 
at a station where the elevation of the anemometer was well above the 30 ft. : 


ters at levels higher than 100 ft. rather than at one of the stations where a 
* anemometer was at 20 to 40 ft. elevation. This happens” so often that it c ery 
hardly be considered merely a coincidence. To further ‘illustrate the oro pe’ 
; ‘point the following tabulation was prepared which shows the maximum wind | 
recorded at two Miami, Florida stations during the passage of hurricanes “ae 
near that point. The numbers in parentheses give the elevations of the wind 
equipment. Note in case that the station with the higher ele- 


‘ paper, ‘te strongest winds were measured at lighthouses with the anemome- _ 


- satisfactorily for determining the variation of the wind with height because of ¥ 
the different exposure of the two stations and the distance between them (ap- pe 


Fastest Mile Recorded 


Dates of 


é 
Miami Weather r Bureau 


“107 249) 


9/22/48 


Thus the indirect evidence a available plus consideration of the effect that a 


4 ‘frictional drags must have on air velocities both point to the conclusion that 
‘ at least in the first few hundred feet above the ground, the wind speed must oe 
increase with height and the percentage increase may be e appreciable. 


= The data that the author quoted publications ant and from 


"velocities cited from the 


the 30 to 40 ft which the author assumed of better information. 


Mr. . Bunting had quoted from another source and are at best based on very ie 

— little data. _ Estimating gradient winds accurately is very difficult under be 
best of circumstances, and is almost impossible to do with the data available — 
for the three hurricanes Mr. Bunting was discussing. The big problem is lack 
s data. | The ‘maximum winds in hurricanes frequently occur in bands less 


than 10 miles wide. Thus to estimate the maximum gradient wind, one would i 
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need to know the pressure gradient through this narrow band of maximum 
‘Since: the pressure data were available only from stations spaced 50 
to 100 miles apart, an estimate of the maximum pressure gradient (over a iad 5 
10 mile distance) is simply a guess. In the work quoted by Mr. Bunting and _ 
referred to by Professor Sherlock, the so-called gradient winds were really — 
estimated cyclostrophic winds (i.e. pressure gradient balanced by centrifugal 
Snes due to the curvature of the wind path). Furthermore the wind estimates 
_ were based on a formula that was derived by empirical procedures | in which — 
an attempt was made to relate the calculated wind to the strongest observed _ 
_ winds averaged over a 10 minute period—not a one minute period. In deriving 
aged formula it was assumed that the pressure gradient was symmetrical | » ae. 
around the hurricane. Actually nearly all evidence available shows that ina 
- moving hurricane the maximum winds are not symmetrically distributed — yy 
= the storm, but are concentrated on one side of the center eS art Aad. 

_ Two other points in the paper deserve comment. Besides the hurricanes : 
‘wae in the Western Caribbean and near the Cape Verde Islands, conti- : 
-nental areas of the United States are affected even more frequently by ono : 
cal cyclones originating in the Gulf of Mexico, near and east of the Bahama 
‘Islands, and in the area just to the east of the Leeward and Windward Islands. . 

_ With regard to the altitude of the most severe turbulence very few data _, : 

are available that furnish answers. Experience of the aircraft reconnaissance 
_ crews in recent years indicate that the turbulence is less in the 300-500 ft 
layer than in the 1000-2000 ft layer. Nearly all of this reconnaissance experi- i 


= was gathered from flights over the water. Since the frictional affects a a 


al may vary so greatly from the water to the land surface it is not at all certain - 
_ = the altitude of maximum turbulence would be over cope ee > 


_G. DAVENPORT. 1_professor Sherlock’s most r and 4 
‘informative paper on the nature of the wind has been read by the writer with © . 
- the greatest interest particularly in view of Professor Sherlock’s many nota-_ 
ble contributions to this subject. Naturally enough, a paper which embraces 
in such short span so broad a subject of necessity leaves some avenues unex- 
plored. One of these avenues concerns the effects of stability and ‘surface > 
4 roughness on the variation of wind velocity with height which Professor ar 2] 
_ Sherlock does not discuss beyond saying t that “the variation of wind velocity — 
; _ with | height will be influenced by the type . of storm and the terrain or water 
area over which the wind has passed”. Closer consideration of the full impli- 
cations of these factors, stability and ‘surface roughness, may lead to recom-_ 
mendations which are not always identical with Professor Sherlock’s. 
a Ina paper - submitted for publication, (1) the writer has attempted to evaluate 
quantitatively these effects of surface roughness and stability insofar as they — 
influence the determination of design wind velocities. This ‘study (based large- 
ly on information already published) has « suggested the following general infer- 
. | ences and conclusions. First, with respect to the influence of stability (de- _ 
termined by the lapse rate asso variation of temperature with height), it wo would 


() Severe local storms, such as thunderstorms, frontal (and 


4 


Rory perhaps other storms such as hurricanes in their early incipient > a 
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‘ dite are extremely unstable causing continuous interchange of the a, 

_ faster moving upper air and retarded air nearer the ground. ~Conse- 

quently the increase of mean velocity with height is very small. The 
ae characteristics of t the ground s surface may have almost ne _ / 


Large scale mature storms of either or - extra- 7 
i ription exhibit nearly neutral stability with no marked tendency for “4 : 
Violent thermal The dominating influence on the velocity F 


‘wee have on the wind praapeerd epee of the latter category, 
_which are probably the more important. In comparison with the vast amount 
which has been written in engineering papers on this general subject, little 
attention appears to have been given to this particular question and yet it ap- _ 
pears to be paramount in the accurate evaluation of wind velocities. 
It should first be emphasized that what is referred to by the term “surface 
roughness” is neither the _ shielding due to individual obstacles nor the — 
graphic effects influencing the airflow in movetain regions but the cumulative 
_ Statistical drag effect of obstructions on the wind. Thus the surface roughness» 
* related to” the density, size and height of the buildings, trees, vegetation, — ” 
rocks, etc., on the ground around and over which the wind must flow: it will 
_be a minimum over the ocean and a maximum in a large city. yeh ness — mt 4 


Fig. (2A of Professor Sherlock’s paper (published in error as 3) illus- 


Fig. 2A, are taken from hurricane records at Brookhaven. In this vicinity re 
the countryside is “fairly level and is uniformly covered with scrub oak and 
_*ipine | to a height of from 25 ft. to 30 ft. above ground”. (2) In these profiles the — 
increase in velocity with height correspond to power laws with exponents of a 
T 7 between 1/4 and 1/3 and Singer and Smith{2) state “The fact that a study of 
va thirteen n recent storms | indicated a mean value of the exponent 0 of. -250 shows 
_ that these values are typical of the profiles. during strong winds in this lo- hel 
‘ cation”. The increase of velocity with height is therefore consistently greater 
4 than that found in Professor Sherlock’s own outstanding investigations of 
oa storm winds at Ann Arbor, Michigan (curves E & F) over “fairly level, ‘open Seal 
farm land”. In these the 1/7th law fitted the records well. _ This profile ol 4 
turn represents a greater increase in velocity with height than that of curve Q 
- suggested | by hurricane records from three Florida lighthouses fully exposed | a i 
to the open water, one of which, Dry Tortugas, is situated on a small island — 
more than one hundred miles from the Florida mainland. 


a ss A, B, and C of the same diagram refer to velocity profiles obtained | 


at the Scilly Islands some thirty miles to the southwest of Lands EndinGreat — 
Britain Since the wind velocities amount to no more > than gentle breezes and ¥ 


observations” and therefore. not comparable. The steepness of the profiles if; 


suggests however, that they may not be unrepresentative of a ee Kohl 
over the surface of open water. 


Other published records (listed in ‘Ref. 1) postive the 
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ae | > ent types of ground roughness and yielding three distinctly different rates of eo 
Le 

pli- 
uate 
irge- 
= 
ifer- 
ii the increase of mean 


surface roughness v would | appear, » generally speaking,to be as follows: 
Gradient: t Velocity 


Open countr coastal 


belts, small islands in large 


Wooded countryside parkland, 
towns, outskirts of jorge) 


of large cities 


— 
_ The last column of this table gives estimates el the retardation eit 
3 by the different types of terrain, as shown by the ratios of the mean maecny 
100- ft. ‘height to the gradient ‘velocity which is unaffected by the surface — 
friction. All these figures refer specifically to mean velocity profiles over — 
~ level (although not Reena 7 “open”) terrain. These power laws are illus- 


This exploratory discussion bears directly on some of Sherlock’s 
recommendations. In regard to the first recommendation, itis certainly 
agreed that the standard of reference s should be level country, but the further a 
4 condition that it should be strictly open has debatable advantages. “If it is 
possible to take account of the influence of surface roughness (as this dis- | 
areas which, although level, may be other than open. 
_ The effects of surface roughness on the wind velocity can be at leastas 


. - cussion suggests it might be), many valuable r records ds might b be included a 


gr reat as the *ieimence of shielding or of deflection and channelling due due ale 


‘ a unusual topography” . Itis therefore. logical to suggest that cognizance should — 


be taken of the effect of surface roughness. == 
--It could be pointed out that in at least two countries—Japan and Russia— a 


consideration is given to the effects of surface roughness on the wind velocity 
"profile. _ In Japan, which is subject to typhoon wind of similar character to A tas 

> . hurricanes, the power law exponent | of 1/3 is 5 suggested for towns and cities 
and 1/5 at the coast. (3) 


q law exponent of roughly 1/4 is specified for the whole territory of the USSR 


with the exception of the coastal belts of inland seas and the Black Sea, where 
g : the equivalents of 1/5 | and 1/8.5 power law exponents are specified _ 


With regard to the effects of unusual topography, it would be helpful to de- — 
- signers to have available, information | that would assist in estimating whether mg 
et the amplification which may arise due to this is 50, 100 or 200 per cent. The | 
use of anemometers during initial site exploration should also be 
I _in some cases as a means of determining amplification factors ween Ge to- 


pography suggests that these may be large. 4 


velocity (“fastest mile”) w then, 
within the range of heights ngi- 
j neer) the values of the exponent corresponding to different conditions of _ 
| 
a 
| 
= 
= 


(APPLICABLE TO SEVERE STORM 


SYSTEMS OTHER THAN THUNDER- 
| 


ow yes) J 


| 


Aq 


(x 


60 


F GRADIENT. VELOC 
OF VELOCITY WITH HEIGHT 
LEVEL GROUND FOR THREE [ DIFFERENT 


TYPES OF SURFACE ROUGHNESS ACCORDING 
THE POWER LAW 


| 

| — 

7 

4 q att — 

— 


regard to the third | endorecs the use of f 
fastest observed mile. This, apart from any availability consideration _— 
a sen.s perhaps an optimum unit for averaging the wind velocity. (This __ 
a : statement is justified in the writer’s s Paper ‘1’.) It is to be hoped that in — ver 
_ Canada, where at present, in the main, only long- -term records of hourly Leo 
_ mileages are available, it will be found possible to emulate either the pore 
can or alternatively the British policy in in basing design wind | velocities on nthe y 
fastest mile or the fastest minute. otk 
Recommendations 5 and 6 are at variance with the findings of this oo. ' 
cussion. The writer is skeptical of the general assumption that “it is reason- 
able to disregard the variation of wind velocity with height in . hurricane aie 
- regions and to accept a constant velocity with increasing height. Professor 
y Sherlock’s curves O and P and those of Fig. 2 of this discussion (stated by the - 
National Hurricane Research Project report ‘of March 1957(5) to be “the only 
_ known instances of hurricanes passing over a site instrumented to measure 
_ the wind speed at more than one level”) unmistakably refute the generality of 
this assumption. These curves exhibit rates of increase of velocity with 
height almost identical with those exhibited by extra-tropical cyclones “aime 
similar conditions of surface roughness, 
The writer does agree, however, that during the early incipient unstable * 
_ stages of a hurricane very little increase of velocity with height may prevail: © 
a is doubtful, however, whether these are the general conditions for which _ 
should be designed, Evidently it is curves J, K and | which have 
‘generally led to recommendation 6. Bearing in mind the difficulties of esti-_ 
mating the gradient wind velocity (which increases with wind speed), and the 
unknown factors such as the over-running of the anemometer (if it is a cup 
) and the large ‘amplifications of wind velocity which can arise it 
- the anemometer is situated on a building or on a promontory, these records © 
for the time being, be accepted by the writer only with 
H sit has been suggested in this discussion that it may be perfectly justifiable # 
to assume ina location 1 exposed to the sea (such as at the Jupiter and oe 
“Hillsboro Light) or on an island many miles from the mainland (such as Dry 
Tortugas) that the increase in wind velocity with height due to the low value 
. of surface roughness may be very small. To make the same assumption — - 
further inland however would be incompatible with experimental evidence and, 
_ unless higher than normal design surface velocities were used, highly ~~ 2 
me yay So little is known about the action of gusts on sharp edged structures a © 
is difficult to make adequate comment on recommendation 7. Professor 
7 Sherlock has several times made reference to the build-up of lift forces on = ‘2 
sections penetrating a sharp- -edged gust. . The aerofoil must travel 
£& roughly six chord lengths before even 95 per cent of the full lift is s developed. 2 
. 3 The not altogether analogous problem of the build-up of drag pressures on 


bluff or sharp-edged structures appears never to have been investigated, ex- 2 4 ‘| 


cept analytically in the case of a cylinder at very low Reynolds numbers. (9)* 


ie It may be anticipated that the size will be one of several governing factors in 
manner indicated by Professor Sherlock’s | suggested gust factors. _Recog- 
nition of this, the writer. considers, isa big step forward. 


he writer is at present a ‘such a study at the University of Bristol. 
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~~ are other important factors apart from size, however, which should 

- considered: the local effect of gusts on individual surfaces (especially at A 
_ sharp corners with high suctions) will probably be much greater than on the > 


i structure as a whole; internal pressures depending to a large e extent ¢ on om air 


=; demonstration of this. One day, it is hoped, it will be possible to evaluate 

problem of deducing gust factors for determining equivalent static 
wind loads is related also to the dynamic response of both the structure and 

_ its constituent materials to rapidly applied loads: as Horne(6) has mee 

— is intimately connected with the choice of a design method” as well. “Until | z. 
= time as some of these meng problems are a gust factors ume 


a structure in the wind. The common snctetaiiten used in practice is that the 
_ Static ‘pressure ¢ ona ‘structure will increase e with height at approximately the 1 


= is no real reason why this should be true except in the case of slender 7 
trussed towers in which the windward and leeward vortex regions (or “dead 

water” regions) may be disconnected and discontinuous. 

ia. _ Of the large number of wind tunnel studies made, the eetenad of these ei 

7 = been conducted ir in 1 uniform velocity, and do | not therefore shed any light t 


closely to the in power law was simulated. These investigators comment _ 
that in spite of the increase | of velocity with height “the analysis of the results 
showed that in all cases the effect is practically equivalent toa uniform 
_ pressure over the whole projected height”. Rathbun’ s(8) experiments at the © 
_ Empire State Building in wind velocity profiles probably corresponding closer 
to the 1/2 power law showed that pressures at the 36th floor did not differ 
greatly and were sometimes greater than those at the 75th. For these reasons 
_ the writer considers that the relationship which is assumed by current design 
k specifications to exist between the increase of velocity with height and static ¢ 
pressure distribution on a structure may be inadequate. 
i _ In submitting these comments, the writer wishes to pay tribute to the many 


q 

. 1. Davenport A. G. , “The implications of surface roughness and stability in in 


GbE the determination of basic design wind velocities” (Submitted for | gal 


ee 2. ‘Singer, I. A., and M. E. Smith, Discussion of paper by R. H. Sherlock, _ a 
i, “Variation of wind velocity and gusts with height” Trans. Amer. Soc. Civil” 


Engineers, Paper 2553, v. 118, 1953, p. 491-493. 
Kamei, I ., “Studies on natural wind | pressure on building and other | P 


structures” Part 1, Building Research Institute of Japan, Report No. 16, 


1955, 59 p. “(in with English summary). 
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ov. 33, January 1950, p. 155. 
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HENRI PERRIN,! A. M. ASCE. dec decrease in 1 in velocity elocity with | 
has already been observed under some ‘circumstances, (1) but it has been 
generally assumed by most foreign and American codes that the wind — 
i. increases up to an elevation of 1 biased 1,500 feet, above wh which a constant 
"The author recommends to use a constant basic wind when 
» a tropical cyclone. The writer would like to add that the gust factor _ a. 
should also be assumed constant, since the g gust factor ° varies inversely with 
altitude, but in a more general way, inversely with wind velocity. (2) The > wind | 
_ pressure t thus obtained will be constant up to the elevation where a a wind 


ee gust factor, and starting from a basic wind velocity equal to 75 MPH, will j 
govern. A suggested minimum value for the constant gust factor is 1. 10. 


of the structure, ‘implying the use > of the former value for a guyed tower. ‘The : 
‘suggested wind loading for a guyed tower, as shown on Fig. 4, includes a re 
duction of 25% corresponding roughly to a gust factor of 1.10 being omitted. i 
However it has been proposed(3) that the top ofa tower 


a gust factor u; up to 1.30 — be used, The final choice ‘of a 1 gust factor for - 

" -guyed tower should however be also ‘conditioned by tl the s size and response time — 

An interesting | recommendation is outlined in 1 the French(4) and Belgian( 

- Codes concerning the stability of a structure. The wind loadings are multi- 

_ plied by 5/3 and 2, respectively, in order to check the stability and buckling — ; 
r factors. Sucha consideration is important for structures subjected monialy | to 
b wind loading which is not always in a direct ratio to the stresses, as for a_ 
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“Remarques sur les pressions du vent dans le caicul 


‘No. 19, Jan. 
3 Basic Wind Loads”. G. Collins, pew No. a 


“Design of multi-level guyed towers: Wind loading”. Cohen and H. 
Perrin, Proc. ASCE, Paper No. 1355, Sept. 1957 | 

“Regles définissant les effcts de la neige et du vent sur les constructions”. y 

 Ministere de la Reconstruction, Paris, Jan. 1947. 

5. action du vent sur les constructions”. Blanjean, ( gue to 


ol 6 SCRUTON.1—Perhaps the greatest difficulty which confronts the de- _—‘ differ 
= signer is the uncertainty in the prediction of the most severe | conditions to be | sugge: 


encountered at the site, and in the assessment of the minimum gust period of of _ | might 
_ significance in structural design. It is this latter aspect which the spina the os 


would like to see developed in more detail. hey ble in 
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j displacement of the motion (that is, as a damping force) rather than as an ex-_ ae ” 
j ternal independent simple harmonic forcing function of frequency prescribed = 
by the Strouhal number. Evidence in support of this view is provided by the | 


cE N 


-C. SCRUTON.!—Messrs. Woodruff and Kozak use the terms “aerostatic” — 
and “aerodynamic” to denote, respectively, the steady and unsteady forces 
due to wind. These uses conflict with the usage of similar terms by the aero-— 
nautical engineer and with the use of the analogous terms “hydrostatic” and 
“hydrodynamic” by the civil engineer. To avoid confusion due to the use ae 
different terminologies the writer would like to see other terms found and — as 
suggests that “steady aerodynamic force” and “unsteady aerodynamic force” _ 
might be acceptable as less ambiguous phraseology. ‘i Although one cause of 


the oscillations in wind of flexible bluff bodies such as tall stacks is attributa- 


detailed mechanism of the » exciting f force, and there is insufficient data i 7 


critical values of the Reynolds number. The question of whether these oscil- 
lations may be classed as “resonant” or “self- induced” is to some extent _- 
matter of definition. The writer | believes, however, that the aerodynamic | 
action is better treated as a force proportional to, but out-of-phase with, the. 


results of some measurement of the aerodynamic excitation on a circular _ 


j cylinder carried out at the National Physical Laboratory. For the range of 
reduced velocity V/ND between 4.5 and 10 approximately, the aerodynamic _ » 
i damping was negative while for values of V/ND outside this range the damp- _ 


ing was positive. Positive damping, of course, , indicates that the body was 

giving up its | energy | of oscillation to the windstream; on the other hand, the a i, 
forced oscillation theory would predict that the windstream would supply ome 
energy to the body for all values of V/ND. The aerodynamic excitation (i.e. — 


negative damping) was found to be « dependent on the amplitude « of the motion; 


aye decreased with amplitudes so that the oscillations were of limited amplitude. 


The aerodynamic damping coefficient can be related tothe conceptofa =~ 
Karman coefficient Cy if it is assumed that the maximum excitation corre- 
‘sponds to a resonance, The energy inputs per cycle derived from two con- 
cepts may then be equated. The results mentioned above indicate that Cx for 
“resonant” conditions is also dependent on amplitude; the value increasing a o 


initially with increase in amplitude and then decreasing fairly rapidly. At the 
maximum value, found with an amplitude of 0.15 diameter and V/ND = 4. 75 Pe 
the NPL ‘results yield a value of Cx =0. 7 approximately. The of 
Reynolds number for these tests was about 20 000. 
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“HENRI M. ASCE. —The drag coefficients for elementary 
are very useful data and the values on 2 should be supple 
4 


Ratio of leg lengths for angle with unequal legs 
(c) Reduction for beams of finite length. 


“The values given for ‘shape No. 3 correspond, according ‘the Belgian(1) 
a and Swiss(2) Coes, , to a WF- ~beam with flange width equal to web length. On 
the other hand, the shape No. 4 will correspond to an I-beam with flange v width | 


_ Test data should also be interpreted with some care. The Swiss Code Ret 

recommends to use for the coefficient CL, ‘shape No. 4 (I-beam) a value of P a 
+ 0.50 since a very slight yaw will at once produce an uplift not considered ul roofs ¢ 
under the ideal conditions of a test. The writer would also like to point out j suctior 
the discrepancy between the two values given in Fig. la and 1b for a plate >i directe 
with A=1.0. _ The variations of the Reynolds number have been fairly well es- | tests k 
_ tablished for round and sharp-edged members, and the coefficient 6,380 vh | suctiot 
zs eta to an athmospheric pressure © of 30" Hg anda temperature of 60° they m 
F. Since the shape factor for round members may drop by as much as 50% ‘| ment « 
% with increasing Reynolds number, it should be noted that the Reynolds number best a 
of thos 
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WIND FORCES ON FORCES ON 
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6c. ‘SCRUTON. .1—Following a recent incident when the wind removed the 
roofs of some houses, there has been some interest at the NPL in the high- 
suctions which occur locally on the roofs of flat- roofed buildings in winds 
directed cornerwise. - Suctions as high as C cB = -6.0 were found during model 


tests by N. Chien et al(1) and by C. Salter. ‘The latter identifies the high - 


_ | suctions with the conical vortices which start at the corner and suggests that 


| they may be avoided by the use of simple : spoilers which prevent the develop- 

ment of well-defined vortices. The Swiss Building Code, while perhaps the ." 

best and most detailed of the national codes, does not indicate the full extent | 

of those very high local ‘Suctions. | It is, however, probably still adequate for 


Ww 


N. etal al. ind Studies of Pressure Distribution on 


Ty Building F< Forms. Iowa Institute of Hydraulic Research 1951, 


2. C. Salter. Wind pendien on Flat- roofed B Buildings. Engineering, Oct. 17, 


HENRI PERRIN, 2 A. ASCE. old Duchemin rule for; inclined roots 


has been much improved as shown on Fig. 1. For the sake of comparison, 
here are values the h Code() for a closed structure: 


re 


As such, these are very close to by the ASCE 


Committee. The French Code however adds to the above values a uniform 
suction, or pressure, acting inside the building — 


by Th Thomas W. ‘Singell. 
1 ‘Aerodynamics Div., | National Physical Lab., Middlesex, England 
Sr. Designer, ‘Barstow, York, N. Y. 
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re The imadialion of part of the Swiss Code will certainly provide useful ie 


informations for the designer. it seems however worthwhile to mention: 


ms - 1 drag and lift coefficients for wire and cable under any of (3) of attack ) 


- ee factors for re reservoir with conical roof a 


DN Although the data available to the ¢ designer are very ‘detailed they are 7 


sometimes not sufficient and tests ina wind- tunnel are the only means to © 
achieve a certain degree of accuracy in determining wind forces. Two: of 
the latest investigations are also worth mentioning. 


“Regies déefinissant les effets de la neige et vent sur les con-— 


structions” Ministére de la Reconstruction et de 1’ Urbanisme, Paris, 


” by Blanjean, Ossature 
M ‘tall B ll Feb. 1949. 


of a cooling tower in the form of a hyperboloid of 
revolution” by G. Golubovic, Intern. Ass. for Bridge and Str. Eng. , Zurich, 
- “Aerodynamic study « of the French Pavillon at the Brussels Fair” by P. 
Vailee, R. Pris, C. Bonvalet, Intern. Ass. for Bridge and 


sra| 
— — March, 1959 > 
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ug writer would like to make a few comments on checks on the formulae which 


FORCES ON STRUCTURES: AND TRUSSES? 


“SCRUTON. 1_The simple formulae introduced by the author for ‘comput- 


ing the drag coefficients of trusses offer considerable advantages, and the by 


are available from ad hoc work carried out at the NPL. I For single trusses” - 
the value Cp = 1.8 appears to be rather conservative; a value of 1.7 or 16is 
_ preferred and indeed this value corresponds more closely to those given by oO 


the author in Fig. ‘7, and with the values indicated by Cohen and Perrin(1) in 
4 Fig. 6 of their ASCE paper 1355. For the square tower with b/d = 1 the NPL 
data confirms the authors simple formula Cp? = 3,/2¢ provided the space 
between the trusses is “empty”. It also fits the curve of experimental points — ¥ 
- given in Fig. 12 of Cohen and Perrin’s paper. (1) However, this relation only ™ 
holds for winds normal to a face and further relations are required to allow 
for vertically inclined and quartering winds. Also masts, especially those for 
radio purposes, are usually required to carry a variety of internal fittings the 
"such as cables, ladders and lift shafts, etc., and the increase in the drag is 
substantial and difficult to assess. With internal fittings the simple — 
A fairly comprehensive series of measurements of the wind on ‘solid 
S deck plate girder bridges was carried out in 1951 by Williams, Nixon and = 
Skelton. (2 The results were not published but they were used in the formu-_ 


lation of the British Standard on Plate Girder Bridges. The tests correspond 


of to an infinite aspect ratio ond showed the following marked “Eiffel effect”. 
as 


: 
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2 - with 0. 2< ¢ <0. 0. 9 an and 4 confirmed by. by the numerous tests of Flachsbart < and 
others. it should also be noted that most of the values shown on n Fig. 7 tt 


- Bir On the other hand, the following equations were /proposed(1) for the drag 


drag coefficient of a single truss i is ; somewhat different of that "proposed 


tower: Ch = 3.65 65 


; = 6, for single trusses used either in a tower or in a different structure. std 
 ‘Itis generally agreed to use e for round member trusses, and towers, 2/3 
writer, however, 
tained for ¢ = 0. 22, ratios ranging from ( 0.53 to 0. 70 from the Guggenheim 
tests. For = 0. 14, the ratiowas0.61. | 
_ Data concerning the shielding ‘coefficient and the variations of drag with fall 
, yaw (or pitch) may be found in some of the ee listed in ihe epee 


: 1. “Design of multi-level guyed towers: Wind loading”, by E. Cohen and 
Perrin, Proc. ASCE, Paper No. 1355, Sept. 1957. 
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WIND F ON STRUCTURES: STRUCTURES SUBJECT 


"Discussion by C. Scruto 


which apparently produces oscillations at reduced differ- 


ing from the Strouhal frequency for low values of Reynolds number and which — 


— stack, or the mutual interference of the airflow between :attecent che 


“when oscillating in winds more normal to the plane of the stacks. This — = 


type of oscillation is known to occur with boiler heat exchanger tubes. Pe —« 
yal Factors influencing the aerodynamic Stability of structures when oscillat- 


Preventive measures based on (ii) 2 ont (iii) have been used for tall stacks but — 


their application is not always easy or convenient. . In modern Ca 

; bridge design aerodynamic stability is achieved by attention to the aero- om 
dynamic shape. Modifications to the aerodynamic shape for preventing the 
wind excited oscillations of cylindrical structures such as tall stacks, pipe 

lines, hangers, etc., have been suggested by Baird,(1) by Price, (2) and by 

- Scruton and Walshe. (3) _ A brief description of the last named method might be re 
_ of interest since a description is not available ina journal or in published m°: 
"transactions. It has been found experimentally that the aerodynamic excitation 

a due to vortex-shedding on circular cylinders can be reduced and finally ami 

E. nated for all wind speeds by an arrangement of strakes wound in helix for- 
-mation on to the surface of the cylinder. The benefit to be derived from this } 
arrangement depends on the number of strakes fitted and on their height and © 

pitch. One effective arrangement consisted of a three start  strake of 

_ about 1/8 diameter and of pitch 15 diameters. 


4 
ing of vortex-excited oscillations of bluff limited) under- 
in the sub-critical range 
4 
4 : few wind-tunnels are suitable to substantiated. Unfortunately 
-_ 1 ed value of Reynolds number attai gate this problem because of the limit- ey 
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Corrections to Discussion by phendes Dodge 


eS CORRECTIONS TO DISCUSSION BY ALEXANDER DODGE, 1m M. _ASCE.— 
4d the January, 1959, Journal of the Structural Division, on p. 160, in the a 
line of text following Eq. (6), the minus sign after xb should be changed to an 
equals sign. On p. 168, in the line just above Table 2, the Pp- term in the ex- 
pression for y should be raised to the third power. On p. 172, in the first — ’ 
line of text following the six lines of f retyped text, _ the reference | to and 5 SA. 
/should be changed to Fig. 6 


a. Proc. Pape say, 1 1958, by D. C. Gazis. 
‘Tech. Asst., Corp. of Ore. 
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Discussion by Tung . Au 


TUNG AU, M. ASCE. —T the presents a a thorough analysis of stress 
- and strain distribution in the inelastic range of biaxially loaded r reinforced . 
- concrete columns. The significance of this basic approach lies not only in 7a - 
: the possibility of its application to column sections of various ongee but also 
in its clarification of basic criteria of failure of such members. ~~ 
- oP The authors correctly stated the limitations of the method proposed earlier — 
. by the writer. Of these limitations, the assumption for locating the point of 


application of ‘resultant tension of the steel area is most objectionable in that 


it may introduce appreciable error if judgment is not exercised in locating © fe 
a the reinforcing bars. To a lesser extent, such error also exists in most 
columns eccentrically loaded in one direction encountered in actual practice. 

_ For a rectangular column section, the reinforcing bars are frequently placed © : 
along y all four sides of the section if bending stress is relatively small in Ee: 
comparison with tensile stress in steel; or the bars may be arranged in more oe 

one layer on 
it becomes | predominant. . In either case, e, the point of application of re- 
sultant tension is not identical with the centroid of tensile reinforcing bars. 
Nor will yielding begin : in all tensile bars at the same time. For a square or 
circular column with a round core, similar situation prevails. Hence, the ie : 
ultimate strength design formulas for combined bending and axial load in the 
_ ACI Building Code2 involve certain degree of approximation in this regard. 

_ _The present paper provides an excellent means of checking the accuracy of 
“al these “ine as well as those for unsymmetrical bending proposed by the 


_ The mutta suggested in the paper is also useful in the study of inelastic _ 
of centrally or eccentrically loaded long concrete columns. 


Proc. Paper 1865, December, 1958, by Kuang Han Chu and gis 
id 1. Associate Prof. of Civ. Eng., Carnegie Inst. of Technology, — 
“Building Code Requirements of Reinforced Concrete (ACI 318- 
American Concrete Institute, Sections A609 and A610. j 
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(ST4), 1712(ST4), 1713(802), 1714(8A4), 1715(SA4), 1716(SU2), 1717(SA4), 1718(EM3), 1719 
1720(8U2), 1721(ST4)®, 1722(8T4), 1723(ST4), 


AUGUST: 1725(QH¥4), 1726(H¥4), 1727(SM3), 1728(SM3), 1729(SM3), 1730(SM3), 1731(SM3), 1732(SM3), 1733 
(PO4), 1734(PO4), 1735(PO4), 1736(PO4), 1737(PO4), 1738(PO4), 1739(P04), 1740(PO4), 1741(PO), ima 
(PO4), 1743(PO4), 1744(PO4), 1745(PO4), 1746(PO4), 1747(PO4), 1748(PO4), 1749(PO4). 


PTEMBER: 1750(IR3), 17520R3), 175303), ‘1754(R3), 1755(STS), 1756(STS), 1757(ST5), 
1759(STS), 1760(STS), 1761(STS), 1762(STS), 1763(STS), 1764(STS), 1765(WW4), 1766(WW4), 
1767(WW4), 1768(WW4), 1769(WW4), 17T7¢(Ww4), 1771(WW4), 1772(WW4), 1773(WW4), 1774(IR3), 1775 
(IR3), 1776(SA5), 1777(SA5), 1778(SA5), 1779(SA5), 1780(SA5), 1781(WW4), 1782(SA5), 1784 
TAS(WWA)’, 1786(SA5)*, 1787(STS)®, 1768 (R3), 1780(WWA). 


1791(EM4), 1792(EM4), 1793(EM4), 1794(EM4), 1795 (HWS), 
1798(HW3), 1799(HW3), 1800(HW3), 1801(HW3), 1802(HW3), 1803(HW3), 1804(HW3), 1805(HW3), 1806 
(HYS), 1807(HY5), 1808(HY5), 1809(HY5), 1810(HY5), 1811(HY5), 1812(SM4), 1813(SM4), 1814(ST6), 
(ST6), 1816(ST8), 1817(STS), 1818(STS), 1819(STS), 1820(STS), 1821(STS), 1622(E MA), 1823(POS5), 1824 
(SMA), 1825(8M4), 16260504), 18 , 18271876)", 1828(SM4)°, 1830(P08)*, 1 


NOVEMBER: 1896(ST7), 1837(ST7), 1838(ST7), 1839(ST7), 18406T7), 
1846(SU3), 1847(SA6), 1848(SA6), 1849(SA6), 

SAG)", 1856(HY6)°, 1857(ST7)°, 1858 
4 
DECEMBER: » 1861(IR4), 1862(IR4), 1863(SM5), 1864(SMS), 1865(STS), 1866(STS), 1867 
(ST8), 1868(PP1), 1869(PP1), 1870(PP1), 1871(PP1), 1872(PP1), 1873(WWS), 1874(WWS), 1875(WW5), 1876 
(WW5), 1878(ST8), 1879(STS), 1880(HY7)°, 1881(SM5)°, 1882(ST8)°, 1883(PP1)°, 1884(wws)°, 


NUARY: 1892(AT!), 1893(AT1), 1894(EM1), 1895(EM1), 1896(EM1), 1897(EM1), 1898(EM1), 1899(HW1 
-1900(HW1), 1901(HY1), 1902(H¥1), 1903(HY1), 1904(HY1), 1905(PL1), 1906(PL1), 1907(PL1), 1908(PL1), 

1910(ST1), 1911(ST1), 1912(ST1), 1913(ST1), 1914(ST1), 1915(ST1), 1916(AT1)°, 1917(EM1)°, 

1918{HW1)°, 1919(HY1)°, 1920(PL1)°, 1921(SA1)°, 1922(ST1)°, 1923(EM1), 1924(HW1), 1926 
(PLA), 1928(HW1), 1929(SA1), 1930(SA1), 1931(SA1), 1932(SA1). 
1940872), 
1941(8T2), 1942(8T2), 1943(ST2), 1944(ST2), 1945(HY2), 1946(PO1), 1948(PO1), 
1951(SM1 2(ST2)¢, 1953(PO1)¢, 1954(COL), 1955(CO1), 1956(CO1), 195 
RCH: 1960(HY3), -1961(HY3), -1962(HY3), 1963(IR1), IR1), 1966(IR1), 1967(SA2), 1968 
19601879), 1970(ST3), 1971(STS), 1972(ST3), 1973(ST3), 1974(ST3), 1975(ST3), 1976(WW1), 1977 
(ww), 1978(WwW1), 1979(WW1), 1980(Ww1), 1981(WW1), | -1982(Ww1) 1983(WW1), 
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DIVISION Ai AC TIVITIE 


of the American. of Civil Engineers 


enti 


| Conference on Fluid Mechanics and 


= s The Structural Division will sponsor five half-day technical sessions at the 
_ Society’s Summer Convention, to be held at the Cleveland Hotel, May ale 


oi “ Carl L. Erb, Structural Division Local Chairman on Sessions Program, 
Feports ti that the program is essentially complete. Herbert Rothman has pre- 

_ pared the program on Electronic Computation for the two sessions on _ % 
_ Tuesday. The remaining three sessions are on Nuclear Structures and Ma- ; 


terials. Wednesday’ S program has been prepared by H. M. Glen and on fia 


- Thursday’s by John Goldberg. These are the first sessions at a national — ae 
meeting of the Society to be devoted mainly to Nuclear Structures and Materi- boa 
; an als. These men have prepared a very fine program worthy of the support and and 

attendance of the Division m embers. An outline of the tentative program 
‘Tuesday Morning — 5, 1959 (Sponsored ored Jointly with Ex Engineering Me Mechani 


ELECTRONIC COMPUTATION one Division) 


Note: No. is of the Journal of the Structural Division, 
aPepteetinge of the American < taping of € Civil Engineers, Vol. 85, ST 3, March, 1959. 
rai of Ei at of 


d 
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— 
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= ‘H. Morris, Department of Electrical Engineering, 
woos of Houston, Houston, Texas. 
Analysis of Conical Shells by Electronic ‘Computer. 
Goldberg, M. ASCE, Department of Civil Engineering, 
of Elasto- Plastic Frame by Compater. 


be 


‘ Computer Design | of a Multistory Frame Building. yer 


M. Lount, A. M. ASCE, Consulting Engineer, A. M. Lount & 

Computer Design of Power Plant Framing. 
La _ John H. Wells, M. ASCE, Jackson & Moreland, Inc. . Boston, pies 


is M. White, A.M. ASCE, of ‘Civil Engineering, 


i 


May 6, 1959 


Bye is ee Philosophies Affecting the Layout and Structural Features of _ 


__H. M, Glen as Chairman of the Session will open the program with a 


introductory discussion entitled “General Aspects of Plutonium Confinement 

The list of by title and author are as follows: bik 

“Plutonium Confinement Within a Typical Beta-Gamma Hot Cell.” 


George E. Parker, Project Engineer, Vitro Engineering | Div. 225 th 


7 
_ Ave., New York 3, New York. ad 


2) “Alpha - Gamma Hot Cells Utilizing Maximum Personnel Set Up and 
pod Maintenance. ” by John M. Ruddy, Chief Engineer, Architectural Plan- ~—- 
rh a ning D Div., , Brookhaven National Laboratory, Upton, Long Island, New ae 


3) -“Alpha- -Gamma Hot Cells Utilizing Maximum Remote Set- Upand 
Maintenance.” by K. . R. Ferguson, Remote Control Engineering Div., 


ora 


Argonne National Laboratory, Lemont, Ilinois. wat 


4) A question and answer period will follow the third paper, 


All of the above personnel are members of the Hot Laboratory -_— ri 


Committee of the “Committee on Nuclear Structures and Materials,” of the 
Structural Division. _ The handling of alpha emitters in a dry state is a sai 


_ problem of ever increasing importance to Nuclear installations. And, the best 
- Manner of approach to this problem is still a matter of serious dispute. . “There i 
as on the safest or most efficient facility to design 


— 
— 
Michigan, Ann Arbor, Michigan. 
j.. 4. Joint Displacements in Ideal Trusses 
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adry 
to attempt t to utilize dry boxes within existing type beta-_ 
gamma hot cells , whether to so design the alpha-g gamma cell bank that 
personnel protected by frog-man type clothing, can be used for inner cell ar ’ 
~ equipment set up or maintenance, or, whether to | so design the alpha gamma eal va 
cell bank that personnel are never r used for inner cell set up or maintenance— 


_ that is the question. In this Session the bad of three so- 


 Thheeiy' Morning —May 7, 1959 (Sponsored jointly with Construction Division) _ 


sessions will open with a paper, “Containment Problems,” 
Dr. Stuart McLain, formerly Associate Director of Argonne National Labo- as 
- patory and now a Nuclear Consultant, in which he will discuss the history of ng = 
7 the containment problem, reasons for containment, types of vessels and appli- 
cability of existing codes. He will be followed by John A. Bailey of the Atomic c 
Power Equipment Department, General Electric Company, who will discuss a) 
-Volume Considerations for Reactor Containment Vessels;” 
Francis B. -Porzel of the Armour Research Foundation, \ who will present “A 
Approach to Heat and Power Generation from Contained Nuclear Ex- 
_ plosions;” and Reuben R. Alvy, M. ASCE, Chief, Engineer, Nuclear = 4 
som and Narver, , who will discuss “Seismic ic Aspects o of ‘Nuclear |Facili- 


the ; afternoon noon Norman R. Zabel Stanford institute 
will present information on “Containment of Fragments from Runaway Re- Sa 
actors; ” and John F. Stolz, A. M. ASCE and his associates of Atomics + P 
a national, will discuss “Containment Criteria for Organic Moderated Power ae 
Reactors. ” They will be followed by R. F. Devine of the Bettis Atomic Power aes 
mo Division, Westinghouse Electric Corporation and John J. , Niland, A. M. ASCE > be 
le of Stone and Webster Engineering Corporation, who will present two papers ae 
on the comainment sphere for the Shippingport, Pennsylvania, Pressurized i 


_ Water Reactor. Mr. Devine will discuss the basis for design of this con- 7. 
_ tainment sphere, and Mr. Niland will discuss the execution of the design. S 


a Papers from the Conference on Electronic Computation 
In response to the unprecedented demand expressed by the aon, . 
_ participants, the twenty five papers presented at the Conference on Electronic — a 
_ Computation held in Kansas City, Missouri on November 20- 21, 1958 are be- a 
- ing offered in a single paper-bound volume. This special e edition is composed 


of the twenty two technical papers and the welcome address, the keynote ad- 4 
_ dress, and the luncheon address, all as delivered at the conference. The ebie be 
prices (post-paid) are as follows; 
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If you to oréer's a. copy of this publication please use ise the order at 
the end the Newsletter, 


<  ‘Thet two new Task Committees met in 1 Kansas City to formulate gall 


efficient use of digital computation by ‘civil engineers. 
(b) To report on courses in programming, coding and numeri- = 
by id cal analysis now being given or scheduled by manufactur-- i 


_ ers, ‘management consulting firms, and universities for aS 


_(c) To encourage establishment of short training courses 
the above subjects by universities or other groups “14 to 
report on methods of implementing this aim. 
To study the impact of electronic computation on 
ing education and submit findings or recommendations on a 
this subject to the Committee on Electronic Computation: 
‘Des od for possible referral to the Committee on Engineering 
2. ‘Task Committee on Program Interchange (James Michalos, Chairman) 


(a) To determine the status of the interchange of 
“= relating to ) computer programs among members of the 
we “a profession : and to formulate a set of recommendations for 
policy on the exchange of programs. 
a (b) To determine the e effect of computer use on | engineering 


"practice, and, necessary, prepare recommendations to 
be submitted to the Committee on Conditions of Practice. 


“ete 
$5, 000 RESEARCH FELLOWSHIP AVAILABLE 


ia new A. s. .C.E. Research Fellowship has been established by the Board of 


- Direction, for the purpose ose of aiding in the creation of new knowledge for the 
benefit and advancement of the science and profession of Civil Engineering. — sie . 


‘The grant, in the amount of $5,000, is to be made annually from current in- Pe. 
Preference will be given 1 to ‘research | that is basic in ‘nature and i concept, 
rather than applied , developmental, or designed to extend or eleborate 
mation. Research requiring an extensive testing program will not be con- 
_ Rules to guide applicants c can be found in the 1959 ASCE Official Register. 
Inquiries regarding the fellowship ‘should be ‘addressed to William H. aa 
_ Executive Secretary, American Society of Civil Engineers, 33 West 3th S 
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MIDWESTERN CONFERENCE ON FLUID MECHANICS 


SOLID MSCHAIECS 
a number of technical societies a research organizations have neni 


K 


Fluid and the Fourth on Solid Mechanics, forms an- 
er other element in the series held in the midwestern region of the United States. ye 
pe Previous conferences, at approximately two-year intervals, have been held | 
_ at the Universities of Dlinois, Ohio State , Minnesota, Purdue, and Michigan. = 
Although the Conferences are held on a regional basis, there are re- 
strictions on attendance or on the residence of authors of technical papers. 


‘Volterra, of Engineering Mechanics; and Dr. Milton nJ. 
Professor of Aeronautical Engineering. Abstracts and titles of proposed 
papers should be submitted to Professor Thompson as chairman before 
_ March 1, 1959. - Complete 1 manuscripts will be required by May 1, 1959, so im. < 
‘¢ to make possible the distribution of the Proceedings at the opening of the Cone 
ference. Inquiries concerning other — of the Conference should also be 
The University of Texas, asa part of its support of the | 


Dr. Samuel A. Schaaf of the University of California will present a lecture o1 
“Recent Progress in Rarefied Gas Dynamics Research,” while Dr. Lloyd H. 
¥ Donnell of the Illinois Institute of Technology will talk on “New Developments 
in Shell Theory.” At a dinner meeting, Dr. Sydney Goldstein of Harvard Uni- 
ersity will speak o on “Recent Progress. in Applied Mechanics.” 
are being made for entertainment programs for conferees 


‘ourth U. S. National Congress of Applied Mechanics will be held on 


nd 
- fluids are invited to submit papers ae consideration by the Editorial Com- 
mite, regarding the Congress should be addressed to Professor 


A 

Fluid Mechanics and Solid Mechanics to be held on the Austin campuson 
= ener Onterence TCOmmiittee ior Nal ing iMitial arranepements CONSisStS = 


News items for the May issue o of the should submitted to the 
Editor before the end of March. Comments on and suggestions forthe im- 
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